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PREFACE 


T he object of this volume is to furnish a systematic 
course of study to those who are beginning to learn 
Chemistry practically. The course commences with a series 
of exercises upon the preparation and properties of some of 
the most familiar substances, in which precise directions are 
given as to the apparatus and materials to be used, and as 
to the manner in which each expeiiment is to be made. In 
the earlier exercises, especially, the directions given extend 
to minute details; the aim of the authors being to provide, 
as far as possible, all the guidance that a beginner, woAing 
by himseff at with only occasional supervision, may require; 
A few exercises have been introduced on parts of manipu- 
lation which, from their impoitance, it seemed desirable to 
treat separately; but, as a rule, each operation is described 
wlrere the occasion for its use first arises; and the subjects 
have been so chosen as to furnish examples of all the usual 
chemical operations. The attempt has been made to arrange 
each exercise so as to 'provide the student with contiiruous 
occupation, and economist; his time by giving two or three 
op^'ations whmh can be carried on simultaneously and to 
which „«he should direct his attention in turn. The time re- 
quireih for the completion of different exercises cannot but 
vary considerably, since some operations, too important not 
to be included, do not admit of being hastened ; but in most 
cases about two hour's will be found sufficient. 
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TJje list of appanatus given af the outset shows what it* is 
desirable that a*student should have for #ie performance of 
the exercise^; but those who have not access to a chemicat 
laboratory, and who are unwilling to incur the expense of 
providing themselves with a complete set of apparatus from 
a chemical dealer, will find in the Appendix a number of 
suggestions for the construction of pieces of apparatus which 
can be made very cheaply. 

The authors have endeavoured, by repeating nearly every 
experiment in exact confoimity with their written description, 
to ensure that the student who carefully follows their directions 
shall command success ; but as they cannot but fear that many 
errors and omissions may, nevertheless, have escaped them, 
they will be grateful for any suggestions from those engaged 
in teaching who may make use of their book. It is only" by 
a large experience of the errors into which beginners are liable 
to fall that the many ways of going wrong can be discovered 
and stopped. 

The question of chemical nomenclature is at present in such 
a condition that every lecturer or writer must chSose for him- 
self the names he considers least objectionable. The names, 
assigned to substances in this volume are, with a few exceptions 
(made with a view to consistency), the same as are used in 
Roscoe’s ‘Lessons in Chemistry,’ and Watts’ edition of 
‘ Fownes’ Manual.’ 

The illustrations in the text have, with very few exceptions, 
been drawn directly on the wood from photographs, taken by 
one of the authors, of the apparatus 9c*ually used. 



PREFACE TO THE THIRD EDITION 


In preparing the present edition, the Editor has, in the first 
place, to regret the loss of the co-operation of Mr. Harcourt, 
whose care,‘ accuracy, and discrimination gave to the former 
editions a value which the present one cannot justly claim to 
possess. 

Some more or less important alterations will be noticed in 
the present issue, chiefly of the following kinds — 

r. The succession of the Exercises has been to a certain 
extent re-ananged, so as to make them follow more nearly 
in the oider in which a beginner would piobably study the 
radicles in the course of his reading. 

2. A few additional Exercises, such as those on Weighwig 
and Measuriifg, and on Chemical Action, and a rather large 
number of additional expeiiments have been introduced; such 
experiments alone being selected as can be made without 
much risk, and with the simplest apparatus'. 

^3. Shoit headings have been placed before most of the 
experiments, in order that the student may appreciate more 
cleaily what the experiment is intended to illustrate, before he 
perfoims it. ' 

Practical Chemistry seems in danger of being made far too 
muijh a study of a few reactions of salts, got up for the purpose 
of detgjiting them in the course of an analysis. This is, of 
course, due to the requirements of examiners, to satisfy which 

' Suggestions for an advanced conrae of experimentafctwork, which 
requires experience and more elaborate appaj».tus, will find a more 
appropriate place in the second volume. 
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peariy all the very^ moderate lifne available for pracfical /m* 
struction in sch(joIs must at the present dajf be spent. More- 
over analytical work (in the nanow, technical sense) entail^ 
like Latin verses, less trouble to the teacher and less risk to 
the pupil than other kinds of practical work; while it un- 
doubtedly affords, when intelligently pursued, a very excellent 
training in the application of logical methods. 

But it may well be doubted whether a more real and valuable 
advance in a scientific education is not made by the carefui 
preparation and examination of the properties of such a sub- 
stance as oxygen, or by an exact study of a few examples 
of oxidation and reduction, than by simply observing, for 
instance, that chlorides give a white precipitate with silver 
nitrate which is soluble in ammonia. 

It is hoped that this book may do something tovvards tiacing, 
for those at any rate who have time and enthusiasm for the 
work, an outline of a rather wider range of study. 

H, G. MADAN. 

Eton, September, i8So, 


PREFACE TO THE FOURTH EDITION 

In the present edition some verlSrl alterations have been 
made, some additional cxpeiiments*ajid one or two additional 
Exercises (such as the one on Combustion and Flame) have 
been inti'oduced, and the course of analysis of a sin^^e sirb*- 
stance has been somewhat altered; with, it is hoped, a gain 
in clearness and comple^ness. 

In many cases, esjrecially in dealing with the metals, the 
preparation of useful compounds of the radicle has been 
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moie fuHy treated of, instead’'of merely altuding to them tflci-" 
dentally in the course of analytical reactions, r Beginners are 
too often inclined to attach an almost superstitious valtm to" 
the mere formation of a ‘Precipitate’; as though, having oncQ. 
‘got’ it, they need think nothing further about the reaction; 
whereas both the insoluble product and the substances remaining 
in solution may be not only of theoretical importance but of 
practical utility. 

H. G. MADAN. 

Eton, May, 1887. 


PREFACE TO THE FIFTH EDITION 

Scarcely any changes be)ond a few verbal alterations and 
a few additional woodcuts have been thought necessary in pre- 
paring the fifth edition. 

While Cheifiistry in its higher branches has undergone a vast 
^development, both as regards theoiy and also in experimental 
methods, during the quartet of a century which has elapsed 
since the fiisL edition of these Exercises appeared, the require- 
ments of the beginner lemain the same. He still needs that 
caieful tiaining in acciuacy of observation, neatness in mani- 
pulation, and sound acquaintance with the elementary facts 
of the science, which it was the otiginal object of this book 
to afford, and which, it isdrbped, may still be found in its pages. 


Oxford, Novembci-, 1896. 


H. G. MADAN. 
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i^emoraiiUa 


1. Be orderly and neat in manipulation. Cleanliness stands at 
the head of the chemist’s scale of virtues. All messes must be 
cleared away with the zeaf of a sanitary inspector. 

Never go to work, or continue to work, with the table covered 
with a litter of bottles, flasks, basins, and test-tubes ; but replace 
each bottle on its shelf as soon as you have done with it, and have 
a basket or basin at hand into which to put dirty test-tubes, &c. 

Always wash your test-tubes twice : once, before they are put 
away ; and again, with distilled water, immediately before they are 
used. Probably moie puzzling reactions occur from the use of 
dirty test-tubes than from any other cause. 

2, Do not begin work in a hmry. What is expended in time 
is very often gained in power, in grasp of a subject. Yet, on the 
other hand, learn to be economical of time. Several filtrations and 
evaporations^ for instance, may be going on at once. The chemist 
may, sometimes? in spite of the proverb, do more than one thing 
at a time, by allowing things to do themselves. 

^ 3. Be economical of materials. In analysing a substance, do not 
(without the strongest reasons) use up at once the whole quantity 
3,at ;40ur disposal. Reserve at least one-fourth of it in a corked 
tube or covered watch-glass, in case unforeseen accidents should 
occur and the other portion should be lost. In making a gas, the 
residue left in the generating vessel will often be of use, at any 
rate interesting as a specim^. It should not, as a rule, be thrown 
away, but punfied by recrystallisation or otherwise. 

- 4. Never begin an expel intent until you have looked over all the 
prepa|ations for i^ to make sure that you have everything that is 
neCessar^witlim reach. You will not then have the mortification 
of seeing the half-performed experiment fail for want of some 
requisite which cannot be procured at the moment. 

5. Do not think merely of what will ^fo,*but what is -iest, of the 
means at your disposal. Whatever is worth jdoing at all is worth 
doing thoroughly well. 
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6. Never add oi^js chemical substance to another without Aoli- 
sidering for what purpose you add it, and wl^at various effects may 
be produced. 

7- Bo exr.ct and methodical. Let nothing pass unnoticed, al- 
though you may not see its significance at the moment. Make 
written notes of everything that you do, analyses of lectures, 
sketches of apparatus. Whatever is worth doing is woith re- 
cording. 

8. Do not attempt to devise a modification of an experiment 
until you have tried it in exact accordance with the diicctions 
given. Then, and then only, if you fail, you will find it possible 
to blame the book and not yourself. 

9. Do not expose yourself needlessly to vapouis which you 
know to be injurious, e.g. chloiine, hydiogen sulphide, hydrogen 
arsenide. Remember that the bad effects may not be perceptible 
immediately. 

10. Finally, do not look upon Chemistry as a mere amusement, 
as a means of getting up a few explosions, creating a few unsavouiy 
smells, producing a few sti iking changes of colour. Chemistry is 
worthy of better treatment: it is no longer a ‘black ait,’ but a 
refined science, and should be thoughtfully and reverently studied. 

Nor, again, give up hopes of making discoveries in the science 
because the land appears to be already highly farmed, and you have 
not all the refined appaiatiis which the optician ahd ojici.itive 
chemist can supply. Records of close and accurate observations 
of some of the (appai-ently) simplest phenomena of Chemistry an; 
much needed ; and such it is in the power of every student to 
contribute. 


'Slh @5cnu(am, 

Narem illaudatis vehementer oiiofibus angis, 

Aurem terrifico percutis usque sono. 

Quippe ociilum, Chemeia, magistra baud alma, vel ipsuiTi 
Corripis, et digitos igne petisque caput. 

Quid manet ? una fides manet inviolata tuoruni 
Semper, et ut ergseunt vulnera crcscit amor. 


H. G. M. 



LIST OF APPARATUS 


Required for the Course of Practical Work contained in 
this Volume 

[The abbreviation cm. stands for centimetre. 

,, „ mm. „ millimetre. 

„ „ C.C. ,, cubic centimetre. 

„ „ grm. „ gramme. 

For tables of weights and measures see Appendix E.] 

1 . A Common Metre (or Half-metre) Rule; the first deci- 
metie divided into millimetres, the rest into centimetres, 

2 . A Cylindrioal Graduated Glass measure, to contain 
200 c.c. ; graduated into spaces of 5 c.c. 

3 . A Pair of Scales, with beam about 20 or 25 cm. long, 
sensitive to a weight of i centigramme*. The ordinary grocers’ 
scales, if well made, are sufficiently good. Such a balance ^s 
shown (arrarigei for use in a Bunsen’s holder) in fig. 46, p. 47. 

4 . A Set of Weights, from too grms. to 5 centigrammes (or, 
better, l centigramme). These need not be of the highest accuracy : 
such sets, including too, 50, 20, 10, 10, 5, 2, 2, i, '5, -2, -2, -i gnu., 
mounted on a wooden stand, are sold m France for a price equiva- 
lent to less than half-a-crown, and can be procured in England at 

1 In making this List it has been thought right to err rather on the side 
of completeness than of deficiency. Some pieces of apparatus, e g. s. 
Bunsen’s holder, are not absolutely necessary; and in several cases the 
student will be able, by the aid of a few tools and a little Ingenuity, to 
make substitutes for himself. ^»me suggestions for the construction of 
economical apparatus will be found at the end of the book (Appendix A), 
but ng direct reference to such substitutes is made in the text, since the 
stifdent, who is ingenious enough to make a piece of apparatus for himself, 
will be dT no loss to bring it in where it is wanted. If supplies have to 
come from a distance, at least twice the number of such things as flasks, 
test-tubes, watch glasses, should be obtained. 

“For siippoitmg the scale-pans, brass wire stirrups are far sreferable to 
chains or cords ; but common balances are seldom fitted with them. The 
wire frames shown on p. 152 obviate some of the iSconveniences of chains, 
and should be fitted at once, if the balance has chains. 


TO 
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^ a reasonable cost. ,Sach a set of^veights is shown in fig. 46,^ 47 > 
near the balance on the right-hand side. fThe smaller weights, 
decigrammes and centigrammes, can easily be made (or replaced, 
if lijst) by the method given in Appendix A. 

6. A Pneumatio Trough, about 36 cm. long, 24 cm. wide, and 
16 cm. deep, fig. i. This is an apparatus for collecting and e.x- 
peiimenting upon gases, and consists of a cistern for holding water 
or any other fluid, furnished with a movable shelf placed across it 



Fig. I. 


about 5 or 6 cm. below the top. In the centre of the slielf is a hole, 
which should not be less than 2 cm. in diameter, and immediately 
underneath this hole is soldered a broad, very shallow funnel, tltc 
mouth of which is of the same width as the shelf : the accompany- 
ing figure represents a section of^ 
the shelf at this point'. This 
funnel serves to catch bubbles of 
gas, in case the delivery tube is not exactly under the centre of the 
hole, and to direct them upwards through the hole into a jar placed 
above it. In addition to these essentials, the trough represented 
in the figure has a ledge running ''along the whole length of one 
side on which jars may stand when filled with gas, and also an 
overflow-pipe a at one coiner, the mouth of which is about's an. 



A long narrow opening, extending nearly the whole length of tliat part 
of the shelf which is nnsnpported, is more convenient than a round hole. 
Its width ne.ed not exceed ± cm., and on each side of it should he a strip of 
metal, soldered slanting to the under surface of the shelf, serving to .strengthen 
the shelf and to guide Tiibbles of gas to the opening. The figure above 
represents a cross section of this part of the shelf. 
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aboVe the.level of the shelf, to cbnvey any excess of water intoJ:he« 
supplementary troughi^. These troughs are made of japanned tin, 
a^d it is a decided advantage to have the inside japanned white, as 
a much better view of the position of tubes, jars, &e., when«im- 
mersed in the water, is thus obtained. For the method of using 
the pneumatic trough, see p. 105. 

6. A Eetort Stand, fig. 2, with rectangular iron foot, iron rod 



Fig. 3- , • Fig. a. 


about^6 cm. in height, and three brass (or, preferably, iron) rings. 

7 . A Bunsen’s Universal Holder, fig. 3, of stained beechwood, 
the smaller of the two sizes which are sold. This, although rather 
expensive (about 5r.), will be found a most useful piece of apparatus, 
both for chemical and physical expeiimenfs. Its constihction will 
be sufficiently evident from the engraving. A notch should be cut 
act OSS the cork near the end of each jaw, to hold round things, such 
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as ^test-tubes, more If thd' screws woik stiffly, a little Wack- 

lead, in preference to tallow, should be applied to them. 

8. A Bunsen’s Burner, fig. 4, small size. 

This burner consists of a brass tube, about I cm. diameter, 
having several holes close to its lower end, which, in the best form 

of burner, can be closed when de- 
sired by a revolving cap. Gas is 
introduced through a small flattened 
central jet, the orifice of which is just 
above the holes. Thus the gas is 
allowed to mix freely with air which 
enters through the holes ; the supply 
of air being increased by the upward 
rush of the gas, in the same way 
as the draught in the chimney of 
a locomotive is increased by the 
blast of escaping steam. 

Fig. 4. order to understand the prin- 

ciple of this most useful burner, 
the character of the ordinary gas-flame should be first studied. 
Close the an-holes by turning the cap (or with the fingers), turn on 
the gas, and light it at the top of the tube. It will burn with the 
\jsual bright white flame of coal-gas. The reason of its bnghtness 
is this Coal-gas consists mainly of hydrogen aij^d compounds of 
hydrogen with carbon. Both these elements unite with o.xyg6n, 
producing heat m doing so: but oxygen has more afiinity % 
hydrogen than it has for caibon, and hence, when insufficient air 
is supplied, the oxygen in it combines with all the hydrogen, but 
with only part of the carbon. The rest of the carbon is separated* 
in the flame, and its particles heated to whiteness give the brilliancy 
to the flame. The presence of these particles of unconsuraed car- 
bon in the flame may be proved by bolding a white plate in it 
for a moment ; the particles are thus cooled down and deposited 
as soot. , 

n ^ 

Now open the air-holes, and observe that the brilliancy of the 
flame vanishes entirely, though its size remaint, about thefsapie. 
It is now of a faint bluish colour, steadier, and with better defined 
edges. The reason is this By the admission of air through the 
holes so much oxygen i,s mixed with the gas before it arrives at the 
top of the tube where it is kindled, that, together with the supply 
obtained from the aii^surrounding the flame, there is enough to com- 
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bine>vith 'all the carbon as well as the hydrogeti of the gas. Tins • 
vnone of the carbon is 'separated in a solid form, and»the flame loses 
brightness but gains in temperature, owing to the immediate and . 
almost complete combustion which takes place; increase in'*the 
amount of chemical combination producing, of course, increased 
heat. 

The absence of cai-bon particles may be proved by holding in the 
flame a white plate ; no soot at all will be deposited, but only drops 
of condensed water-vapour. 

, The temperature of the flame may be tested by holding in it, near 
the top, a piece of moderately thin copper wire ; the end will soon 
become bright red-hot and melt. It will be found impossible to 
melt a thin iron wire or piece of platinum foil in the same way^. 

One or two precautions should be observed in using this burner. 

1. The supply of air must not be too great. 

If much more than half the total volume of air required to burn 
the gas completely, is admitted through the holes, the mixture 
becomes too explosive, and the flame passes down the tube, con- 
tinuing to burn at the jet below, with a small smoky flame, the heat 
of which is mainly expended on the tube itself. In such a case, the 
gas must be entirely turned off, and kindled afresh. If the flame 
is still unsteady and shows a tendency to recede down the tube, 
owing to a low pressure of gas in the main, the air-holes should life 
partially closed Sy turning the cap (or, if there is no cap, by plugging 
up one or more of them with bits of cork). 

^ In fact, it is always best to cut off the supply of air altogether 
before lighting the buiner, and then to admit just sufficient air to 
ijdesjyoy the luminosity of the flame. In this way even a small 
flame, 2 or 3 cm. high, can be safely obtained. 

2. The supply of gas must not be too great, and it must be 

thoroughly mixed with the air before reaching the top of the tube. 
This latter condition is effected by the peculiar shape of the jet. If 
the flame is white even though the full supply of air is admitted 
through the holes, the gas slroflld be partly turned off. If the flame 
still sjiows luminosity, there is reason to suspect that the jet is out 
of'order, or that the air-holes are clogged by dust or some fused 
substance which has dropped down the tube. The main tube 
should be unscrewed and the jet and air-holes examined and 
cleaned. * 5 

‘ The actual temperature of the flame is estimaled at more than 2000", 
but unless it is enclused in a^fuinace, a large amount is lost by radiation. 
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The hottest patt of the flame is a little below the top and/neat 
the border. This can be proved by holding tf piece of platinum foil 
in various parts of the flame and observing where it glows md?t 
bristly. * 

4. The interior of the flame has a strong ‘ reducing ' action (z. e. 
it tends to withdraw oxygen from substances placed in it. This 
should be borne in mind when dealing with glass containing lead, 
which will be blackened, owing to the separation of 
lead, if held in the middle of the flame. 

The cast-iron cap (or ‘rose top’) shown in fig. 5, 
when placed upon the burner, divides the single flam'e 
into a ring of small jets which distribute the heat over 
a large surface, and are well adapted for heating an 
evaporating basin or sand-bath. 

9 . A Cast-iron Stand, fig. 6, with screw, on which may be fitted 
the Argand burner a, the blowpipe jet b, and the fish-tail burner c. 




The Argand burner consists 
of a hollow ring or short 
cylinder of metal (or, better, 
of porcelain) pierced with 
a number of small holes 
through which the gas 
• issues, giving a continuous 
circular flnme) which is 
steadied by the short biass 
chimney shown in thtf 
figure. It is not absolutely 
required, but is extremely 
convenient for applying a 
gentle heat to a flask or 
sand-bath, since it is more 
^ under control than the Bun- 
sen’s burner and can be 


g ' icgunueu to give tne least 

possible flame. 

The blowpipe jet is desciibed in the Exercise'on the use of die 
Blowpipe, p. 93. 


The fish-tail burner, which is a common form of illuminating 
burner, gi^es a flat flame, very suitable for bending glass tubes. 

10 . A Set of Four Wooden Blocks, about 12 cm. square, and 
respectively 3, 5, 7, 10 cm. in thickness. 



LIST C/F APPAR^k-US. 

T. 1 .^A T^st-tube Stand, of the usual form, for supporting te^t- , 
tubes while in use. I* should have twelve holes ii^ one row, and 
^?;3trip of slate should be fitted in front of the holes, on which may 
be written the contents of each test-tube when it is placed in,4he 
stand. 

12 . A small Dish, of tinned iron or copper, about 12 cm. in 
diameter, for use as a sand-bath. 

13 . Two pieoes of fine Iron Wire Q-auze, about 12 cm. square, 
to place under flasks, &c., while being' heated. The gauze should 
have about 12-14 meshes in i cm. (30-36 meshes per inch). 

*■ -lA A Mouth Blowpipe, fig. 7, about 20 cm. in length. 



16 . A small Ladle, with bowl about 7 or 8 cm. in diameter, and 
an Iron Spoon, or Capsule, fig. 8, about 4 or 5 cm. in diameter, 
for Ignitions. 



Fig. 8. 


16 . A Pair of Crucible Tongs, fig. 9, about 20 cm. in length. 



Fig. 9. 

17 . A Set of four Cork-borers, fig. 10, from 3 mm. m diameter 
upwards. These are short pieces of thin brass tube, sharpened at 

(izzrzz:3 

* Fig. 10. 

one end, and having a thick collar soldered to the other end, to 
afford a better hold. For the method of using them, see p. 37. 

[When the cutting edge becomes bhmt or bent, it should "he sharpened 
on a hone, or by a very fine file, the borer beingb constantly rotated while 
the hone or file is passing over it.] 
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^ 18 . A piece of PJ.atinuin. Poill about 2 cm. x 5 cm. 'It slyufd 

wefgh about o-^ grm. This is used chiefly fis a support for sub- ^ 
stances on which we wish to try the effect of a high temperature, tfl 
' ord^ to tesi their fusibility, volatility, &c. If the edges of the foil 
are turned up round a spherical mould, such as the end of a pestle, 
the foil being laid on the palm of the hand, and the pestle pressed 
forcibly upon it, we obtain a very convenient capsule for fusions on 
a small scale, e.g. for the decomposition of barium sulphate by 
sodium carbonate. 

It should, however, be a rule— 1st. Never to use a platinum vessel 
when a piece of porcelain or an iion spoon will do as well, A Wt 



fig. II. Fig. li. 


of a broken evaporating dish will serve for almost every purpose, 
e.rcept when silicon, aluminium, or the alkali metals arc to lie 
tested for. , 

2nd. Never to heat in a platinum vessel the followingsubstances 

Substances evolving chloiine or sulphur. 

Caustic alkalies or barium hydrate. 

Cyanides, chlorates, nitrates. 

Easily reducible metallic salts, or their coi responding metals, 
e.g. lead, silver, tin. 

[When a 'platimun vessel Is dirty, try first to clean it by boiling it in 
a dish with n little strong hydrogen chloride. If this has no effect, spread 
over the surface some powdered potassium-hydrogen sulphate, and heat 
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it over a Jansen’s burner until the^salt fuses, incliying the vessel so that 
the iiquid salt may floi^ over every part of it. Finally, boil it with i^ater 
a dish. • 

When a piece of platinum foil becomes ereased or wrinjcled, place it- 
between folds of glazed writing-paper on a smooth suiface, such as ablate 
of glass, and pass over it with strong pressure a rounded burnisher, such as 
the handle of a paper-knife, or the finger-nail.] 


19. A pieoe of Platinum Wire, about 30 cm. long and 0'5 min. 
in diameter (No. 25 standard wire-gauge). This is chiefly for use 
in blowpipe experiments. 

* 20. Two pieces of Brass or Copper Wire, about 30 cm. long, 
and 1-2 rrim. in diameter (No. 18 standard wire-gauge). These 
should be filed to a point at one end and then bent, the one into 
the form of fig. 1 1 (p. 8), the other into the form of fig . 12, and finally 
a small piece of wax taper 
about 3 cm. in length should 
be stuck upon the pointed end 
of each. One wire may be 
made to serve the purpose of 
the two pieces, if bent into this 


shape and a piece of wax 



taper stuck on each end. 

21. A Deflagrating Cup, 
sec fig. 13. This consists of 
a brass or iron bowl about 
1-5 cm. in diameter, screwed 
to a piece of stout iron wire 
wlftch passes rather stiffly 
through a cork stuffing-box 
attached to a tin flange. It is 
intended to hold substances 
which are to be burnt in gas’es. 

22. A Deflagrating 
fig. 13. This is a wide- 
niotShed stoppeVed jar, open 
at the'bottom, about 22 cm. 
in height and 12 cm. in 

diameter. The top should be ^ 

ground flat, in order that it may be accurately closed by a glass 
plate. * 
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Fig. 14. 


23. Two strong pylindrioal Gflass Jars, for collectipg gases 
(fig.*' 14), 10 cm. in height, 3 cm. in e.xternaji diameter, 
with ground moilths. They should be made of thick glass, 

"ainc^ they are used for holding mixtures of hydrogen 
and oxygen gases which are to be exploded. 

24. Three similar Jars, which may be of thinner 
glass, 20 cm. in height, 5 cm. in diameter. 

25. Two olreular Qlass Discs, 5 or 6 cm. in diameter, 
ground on one side. 

26. One shallow oircular Stoneware 
Tray, for holding gas jais, 8 cm. in diameter. 

27. One Ditto, 18 cm. in diameter (see 
fig. 13). This, though convenient, is not 
necessary, as a common dinner-plate may 
be substituted for it. 

28. Four Florenoe Flasks, fig. 15. These may 
be procured from any oilman, and should be selected 
of uniform thickness, free fiom air-bubbics, and with 

even mouths not chipped away at one side. The mouths of these 
flasks should be ‘ bordered,’ i. e. turned outwards so as to form a 
spreading rim. Directions for doing this are given on p. 44. 

[In order to cleanse them, put a few lumps of common 'washing soda’ 
inW each, add a little water, and heat it gcmly over a lamp, turning it 
round so ns to bring the salt into contact with every pan ; fu^lly, rinse it 
thoroughly, first with common water and then with disflUed water, and 
place it to drain mouth downwards m the ring of a retort-stand.] 

20. Two Flaska with flat bottoms, fig. 16, holding respectively 
^ 200 C.C. and 250 c.c.' A rather laiger flask, 

holding about 400 c.c., is occasionally useful. * 

30. One plain Eetort, holding about 200 c.c. 

31. One Stoppered Ditto, of the same size (see 
fig- 79, p. 157). 

82. Two wide-moitthed Stoppered Bottles, 
of white glass, holding about 700 c.c., for use in 
experiments on gases. * 

33. Six Ditto, holding about i f o or 200 c.o>'“ 

34. Two common corked Bottles, with moderately wide 

‘ It will be well to have two or three more of these, at any rate of the 
250 C.C. size, case of breakage. 

’ It is a great advantage to have the stoppers of these gas bottles made 
mtu^ more conical than«isual. They are then far less liable to become 
hxed in their places if the volume of gas in the bottle should contract. 



Fig. 16. 
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mouths, •holding about 200 c.c. 
^for gases. * 

36 . Two Ditto, holding about 
300C.C., forcontainmgwater which 
IS to be saturated with a gas, such 
as chlorine, sulphur dioxide, or 
hydrogen sulphide. 

36 . One "Washing Bottle with 
tubes (fig. 17), holding 600 c.c. 
This is of great use for washing 
precipitates on a filter, and also 
for containing a supply of dis- 
tilled water for general purposes 
in analysis. Its construction is 
sufficiently plain from the en- 
graving, and directions for fitting 
the tubes, and the method of 
using the bottle, are given on 
P- 3 S' 

37 . Two Thistle Eunnels, fig. 


y 

, for use fts washing boyles. 



Fig. 17. 

18, about 32 cm. in length. 



38 . A Pipette, fig. 19, for transferring small quantities of liquid. 
It consists of a tube drawn out at one end into a jet, and slightly 



Fig. 19. 


contracted at the other end, so as to be readily closed by the finger. 
Directions for making one^ and the method of using it, will be 
found on p. 32. 

39 . Three Glass PimnSls, respectively 4 cm., 7 cm., 10 cm. in 
diaijjeter. ^ 

■ 40 . Three Glass Beakers, respectively 4 cm., 3 cm., 6 cm. in 
diameter. 

41 . Twenty-four Test Tubes, of the following sizes ; — 

Eight 13 cm. in length, i cm. m diameter. ^ 

Fourteen 16 cm. „ 1-5 cm. «. „ 

Two 20 cm. „ 2.5 cm. „ 
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c Qrie test-tube of tlfe largest size, and about S or lo of tire smaller 
sizes should be^ept ready for use, mouths downward, in a small 
wicker basket. No. 77. 

43 . Sts -wTatcli Glasses, 5 cm. in diameter. 

43 . One Glass Spirit Lamp, in case gas 
is not available. 

44 . One Glass Mortar, 6 cm. in diame- 
ter, with pestle. 

46 . One Porcelain Mortar, fig. 20, 
10 cm. in diameter, with pestle 
46 , Two PorcelalnEvaporating Basins" 
fig. 21, respectively 6 cm. and 9 cm. in dia- 
meter’’. A rather larger basin, 12 cm. diameter, is occasionally 
useful. 



Fig. 21. l‘ig. 12. 



Fig. 20. 


One Porcelain Cruoible, with cover, fig. 22,^abo«.it 3 cm. in 
diameter. 

48 . Two Drying Tubes, fig. 23, about 18 cm. in length. This , 









Fig- 23- 

foira of tube is intended to contain quicklime, calcium chloride, or 
other hygroscopic substance, in small fragments, for the purpose of 
lemoving moisture from gases which ‘Hue passed through the tube. 
It is filled in the following way. After removal of the cork, a small 
tuft of cotton-wool or tow is pushed down into the 15 ulb by means of 
a glass rod, until it lies across and protects the opening ’of the 


' This mortar should not glazed inside. 

“ These should be thin in substance tthnt there may be less risk of 
their cracking when heatpfl oyer a lamp), and highly glazed both inside 
and outside. The Meissen ware is much the best, both as to shape and 
quality. 
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Harrow tijbe. The rest of the bftlb and the wi<Je tube is ttien nearly^ 
filleS with fragmen|s of quicklime, or thoroughly dry calSum 
chloride, about as large as split peas. Another piece of cotton-wool 
is then lightly pushed in, to keep the substance in its plac^ and 
finally the cork with its short tube is replaced. It is advisable, 
when the tube is not in use, to keep the ends stopped by little 
plugs of cork, in order that the moisture of the air may not find 
entrance. 

The calcium chloride for these tubes should not be fused, but 
only thoroughly dried at a temperature of 2oo°-3oo°on a sand-bath. 
4 t is in this condition much more porous, and exposes a larger sur- 
face to the gas than the fused substance. 

49 , Twelve ‘ Ignition Tubes,’ fig. 24, about 6 cm. in length. 
For directions for making such tubes, see p. 41. 



Fig. 34. I 

50 . Two kilogrammes of readily fusible Glass Tubing, fiee 
from lead, of different si^es, but chiefly about 6 or 8 mm. in external 

diameter ’, '(actual sizes). 

61 . Haft a tdlogramme of ’difflcultly fusible Glass Tubing, 
5 mm. in internal diameter (the larger of the two sizes shown 
above), for making ‘ignition tubes’ (No. 49) and arsenic tubes. 

62 . Two or three pieces of Combustion Tubing, about 30 or 
3^cm. in length, and 12 or 14 mm. in external diameter. 

63 . Three or four pieces of Glass Bod, free from lead, about 
50 cm. in length, and 4 or 5 mm, in diameter : for stirring-rods. 

64 . A piece of vulcanized India-rubber Tubing about 
I metre m length, and 4 yim. in internal diameter : chiefly for use 
in connecting glass tubes ; for which purpose pieces about 2 or 3 cm. 
in length may be cut from'StJ’as required. 


« ‘The French ^bda glass is usually very good; but some specimens show 
a great tendency to devitrify when heated. 

“ Tubing of non-vulonnized india-rubber, which is also manufactured, 
adheres more closely to glass than the vulcanized tubing, and is in many 
respects preferable to the latter. It has this disadvantage^ of losing its 
elasticity in cold weather, but after being warmed and stretched a little, 
it regains all its good qualities. The red tubing, which is vulcanized with 
antimony sulphide, is slightly preferable to the oidinary gray kind. 
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66. Two or threp pieces of sliHilav Tubing, about 6o,or 70 ciiT. 
in length, and 6 mm. in internal diameter: oiiiefly for connecting- 
lamps with the |as supply. Also, 5 or 6 india-rubber rings, about' 
2'5 pr 3 cm. in external diameter. 

66. Two paofeete of ou'eular Filters, respectively 7 cm. and 
14 cm. in diameter, suited to the two smaller funnels (No. 39). 

57 . One box of Test Papers, containing books of l)luc litmus, 
reddened litmus, and turmeric paper, 

[Blue litmus is turned red by acids, 

Reddened litmus is turned blue by alkalis, 

Turmeric is turned brownish red by alkalis. 

Their use may be illustrated by laying strips of each side by side on a white 
plate, and putting on them a diop of ( i) dilute hydrogen siiljihate (sulphuric 
acid), (2) solution of potassium hydnate (caustic potash).] 

68. Two brushes for oleaning tubes, fig. 25, one about 3 cm. 
in diametei, for test-tubes ; the other about 5 mm. in diameter, for 
smaller tubes. 



Fig. 25. 


< 59 . A ‘ three-square ’ (triangular) Pile, about 1 2 cm. in 
length. , • 

60 . A round (or * rat-tail’) Pile, about 20 cm. in length. 
These files should be fitted into handles. 

61 . A Spatula, about 8 an. in length, broader at one end than 
the other, fig. 26. One made of platinum will cost 8r. or los., and will 


Z) 


Fig. 26., _ 

be found most useful. Instead of it, an aluminium or bone sp.^tula 
of the same size may be obtained at a much lower price, and will 
answer for most purposes. 

62 . A few pieces of Charcoal, for blowpipe experiments. 
These may generally be sdected from the ordinary rough beech wood 
charcoal. Sticks abou); 3 cm. in diameter, free from knots, should 
be picked out and sawn across the urain into nipr-^s about 3 cm. in 
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ISngth, on rather less (fig. 68 , p. 103). When thus cut they shqjild. 
show a surface free fifom cracks and of close, sounc^texture. 

^ 63 . A few bits of German tinder, and some spills. The thin, 
flat slips of cedar or pine are preferable, as they retain a gloating 
end longest. Instead of German tinder the ordinary cigar lighters, 
made of strips of pasteboard soaked in strong solution of saltpetre, 
or of loose cord impregnated with lead chromate, will answer well. 

64 . A oommon China Jug, holding about 2 litres. 

66. Half a quire of White Blotting-paper, two or three 
quires of glazed writing-paper, and a few cards. 

66. Two or three dozen good Corks of various sizes, from I to 
6 cm. in diameter. Those should be selected which are free from 
fissures and cavities, and in which the grain runs across not along- 
the cone. 

67 . Two or three Dusters. 

68. Some clean, finely-sifted Sand, for use in the sand-bath 
and other purposes. 

69 . Five or six metres of Brass Wire, and also of copper 
wire, of the sizes N,o. 18 and No. 24, standaid wiie-gauge (about 
I -2 mm. and 0-5 mm. in diameter, respectively). 


The following pieces of apparatus are also extremely useful, and 
access to most tif them will be assumed in the exercises : — 

70 . A Herapath’s Gas Blowpipe, provided with a pair of 
"double bellows, or with one of the small French india-rubber blow- 
ing machines, fig. 27 (next page). In this form of blowpipe the gas 
» issjfes from a brass tube about i cm. in diameter, in the axis of 
which a smaller tube is permanently fixed, through which a blast 
of air is directed into the centre of the gas-flame. By attaching a 
larger Or smaller nozzle to the air-tube and altering the quantity of 
gas, any kind of flame ma^ be obtained, from a large brush-like 
flame 16 or 18 cm. in length, to a small pointed cone of flame, such 
as is required for analytical "experiments. 

Tlje india-rubjrer blowing machine alluded to, consists of two 
parts: 1st, The blower, a, — an egg-shaped vessel of strong vulcanized 
india-rubber, having a valve fitted at each end enclosed in a small 
wooden box ; 2nd, The regulator, b , — a spherical vessel of thinner 
india-rubber, with two necks, one of which is connected by an 
india-rubber tube with the valve-box at one ejid of the blower, while 
the other neck is similarly connected with the blowpipe air-jet. 
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When the blower is placed on ttie floor and compressed with the 
foot, the valve at one end closes, and the air eontained in the vessel 
is forced through the other valve into the regulator, which becomes 
disijended and forces the air through the blowpipe-jet. When the 
blower is relieved from the pressure of the foot, it recovers its shape, 
the valve nearest the regulator closes and prevents the return of the 
ail, while a fresh supply of air enters through the other valve. 
When full, the blower is again compressed with the foot so as to 
force another supply of air into the regulator. 



Fig. 27. 


This blowing machine is much cheaper and more portable than 
any form of double bellows, and is very effective. The regulator is 
usually made too small, and thus there is a slight variation in the 
strength ofthe blast. T&e india-rubber must be of the best quality ; 
and it is advisable tcpenclose the regulator in a net, to prevent its 
becoming so far distended as to burst. 
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f letcherjs blower, and a substftute which can be made withqjit 
much*difificulty, will be found described in Appendix A. 
’’^sciAlthough such a blowpipe as that which has just been described 
is necessary for some operations in glass 
blowing, and renders the chemist almost 
independent of a furnace for fusions on a 
small scale, yet much may be done by the 
use of the mouth blowpipe supported in a 
Bunsen’s holder (so that both hands may 
be free) and directed upon a larger gas- 
than usual. 

A veiy convenient form of Herapath’s 
blowpipe is now made, which can be fitted 
on a Bunsen’s burner, as shown in fig. 28. 

The air-tube is connected with a piece of 
india-rubber tube ending in a mouthpiece. 

No bellows are required, as sufficient air 
can be supplied by the mouth. 

71. A Platinum Capsule : hemispherical, about 3 cm. in 
diameter. This, which would cost about 8r., will answer almost 
every purpose of a platinum ciucible. 

72. A Thermometer, with cylindrical bulb, fig. 29, graduated on 
the stem from - 10° to -l 150° centigrade. 





Fig. 29. 

73. A "Writing Diamond : a small splinter of diamond set in a 
brass holder, like a pencil. 

74. A light hammer, of the form known as riveting-hammer. 

75. A small Anvil, about 6 cm. square, and 2 cm. in thickness. 

76. A pair of cutting Pliers. 

77. A small round Wicker Basket, with upright sides, about 
14 cm. in diameter and 10 cm. in depth ; for holding test-tubes. 

78. A few sheets or out filters of Swedish Pilfering Paper, 
for. separating prdtipitates, such as barium sulphate or calcium 
oxalate, which from their finely-divided condition would pass 
through the pores of ordinary filtering paper. 


A number of bottles will also be requiredJor containing sub- 
stances both solid and in solution. Many substances, such as 
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c|,lcium chloride, fsom their alterability in the air, will of neces&ity 
be purchased^in bottles. EKcliisive of these, the following stock 
of bottles will be probably sufficient ‘ 


e, 

24 

r 

wide-mouthed bottles, 

with corks, 

300 c.c. 

capacit) 

24 



loo c.c. 


6 

» 

with glass stoppers, 

300 c.c. 


12 

r» 

)J 

100 c.c. 

n 

12 narrow-mouthed bottles, 

j. 

200 c.c. 

» t 

30 


)) 

100 c.c. 


3 


»? 

2000 c.c. 



The common green oi blue glass bottles, costing (when stoppered^ 
from 3^. to 6 j. a dozen, will answer quite as well as the moie ex- 
pensive bottles of white glass. 

[When a stopper is found to be fixed immovably in the bottle, try to 
loosen it by tapping it, (list on one side and then on the other, with a piece of 
wood such as the handle of a file, pressing tlie thumb against the opposite 
side of the stopper and taking care to direct the blows obliquely upwards, 
rather than directly across the stopper. If this does not succeed, heat the 
neck of the bottle by passing it to and fro over the flame of a spirit lamp, 
turning it constantly round. The neck will expand with the heat belore 
the stopper, and if the latter is now tapped again, it will almost certainly 
be loosened. There is, of coiuse, a lisk of cracking the bottle if it is heated 
too suddenly, but as the success of the method depends upon the difference 
•fii temperature between the neck and the stopper, the heat should be applied 
quickly, and only for n short time. If this method fails pu'i a drop of oil 
or glycerine round the stopper, ancllcave the bottle for some time in aw.'iim 
loom. The oil will work its way between the neck and tlic slujiper, awl 
the latter may generally be loosened by lapping. If the bottle eontalus 
potassium bydiate, a drop of hydrogen sulphate may be substituted loi the 
oil, and will remove the alkaline cement,] 


' It is not absolutely necessary for the beginner lo start with so large a 
stock of bottles. Some substances, e g. marlile, sulphur, manganese dioxide, 
&c., may he kept in boxes, liui bottles are far preferable, on the score 
both of cleanliness and security. 
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Required for the Course of Practical Work contained in 
this Volume 


The numbers in the column on the extreme left of the page are in- 
tended to give some idea of the relative quantities of the substances 
which will be necessary. If l be interpreted to mean lo grammes 
{about one-third of an ounce), 2=20 grammes, 3 “30 grammes 
(about I oz.), &c., the quantities will be sufficient for the purposes of 
most students, but at least twice the amount should be obtained, if 
supplies have to come from a distance. 

Many of the substances are required for use in solution. In 
Part I, Sect. I, Exercise 6, p. 58 et seqq. will be found the general 
method of dissolving a salt in water ; and detailed directions as to 
the strength of solutions, &c., are given in Appendix B. -- 

[An asteiisk is* prefixed to the names of those substances which the 
student may prepare himself.] 
o 
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60 

' 12 • 
6 
6 
12 
9 
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Alcohol, pure, sp. gr. 0.815. 

„ Methylated, for common purposes. 
Aluminium-Ammonium Sulphate (‘Ammonia Alum’). 
Ammonium Carbonate, pure. 

„ Chloride, pure crystallised. 

„ „ common. 

„ Hydrate, ’solution of, sp. gr. 0.96 (or 0.88)”, 

(‘ CausticvVmmonia’). 

„ Molybdate. 


— - , 

’ Those who aie working in a regular laboratory will ptobably obtain 
the necessary chemicals Irom the common stock. This list is more 
particularly intended to assist those who are woiking by themselves, in 
selecting the substances they will requiie. » 

“ Tills is the most concentrated, and best ; but care is required in dealing 
with it. It must be kept in a cool place, with the ^toppei tied down, and 
the bottle must be opened cautiously, especially in warm weather. 


C 2 
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p Ammonium«Nitrate- 
3 j, ^ Oxalate. 

3 „ Phosphate 

-Sodium-Hydrogen Phosphate (‘ Microcosmic 
salt ’). 

6 „ Sulphide, solution of. 

2 Antimony, Metallic. 

3 „ Trisulphide. 

1 Arsenic Trioxide (‘ White Arsenic ’). 

3 Asbestos, in long loose fibres. 

3 Barium Chloride, pure. 

2 „ Oxide (‘ Caustic Baryta ’). 

1 Bismuth, Metallic. 

I Cadmium Sulphate. 

30 Calcium Carbonate, pieces of white marble. 

9 „ Chloride, thoroughly dried, in lumps. 

6 „ Fluoride, white fluor spar. 

10 * „ Hydrate, solution of (‘ Lime-water ’) 

6 „ Plypochlorite (‘ Bleaching Powder’). 

30 „ Oxide, freshly burnt white Quicklime. 

20 ,, Sulphate (‘Plaster of Paris’). 

3 Carbon Disulphide (‘ Bisulphide of Carbon ’). 

-2-6 Charcoal, selected pieces. 

3 „ Animal. 

3 * Chlorine, solution of (‘ Chlorine water ’). 

I Chromium- Potassium Sulphate (‘ Chrome Alum ’). 

1 Cinnabar (or Vermilion). 

I Cobalt Nitrate. 

1 Cochineal. 

20 Copper, Metallic ; strips of sheet-copper, about o- 5 mm . thick. 
3 „ filings. 

3 „ Oxide (‘ Black Oxide of Copper’). 

12 „ Sulphate. 

Distilled Water, see p. 70. <- 

2 Ether. 

I Gall Nuts, in powder. 

Gold, Metallic ; a book of gold-leaf. 

3 Grape Sugar. 

r ^ 

' This salt is pieferable, as a test, to sodium-hydrogen phosphate, but is 
not necessary. "■ 

“ For the method of making this solution, see p. 65. 
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6 ♦ HySrogen Ace^^ate, solution of, sp. gr. 1-04 (‘Acetic Acid’y. ' 

-.6 „ Chloride, pure concentrated (‘ Mydrochloric 

Acid’). 

10 * „ Chloride, pure diluted. 

30 „ Chloride, common concentrated. 

12 „ Nitrate, pure concentrated (‘Nitric Acid ’). 

10 * „ Nitrate, pure diluted. 

30 „ Nitrate, common concentrated. 

6 „ Oxalate (‘ Oxalic Acid’). 

42 „ Sulphate, pure concentrated (‘ Sulphuric Acid’). 

10 * „ Sulphate, pure diluted. 

60 „ Sulphate, common concentrated. 

„ Fluosilicate, solution of (‘ Hydrofluosilicic Acid ’) 

* „ Sulphide, solution of (‘ Sulphuretted Hydrogen ’). 

3 Indigo Sulphate, solution of (‘ Sulphindigotic Acid’). 

2 Iodine. 

1 2 Iron, Metallic ; filings, thin wire, and one or two strips of thin 
sheet-iron ; also two or three pieces of the thinnest 
watch-spring, and a bit of thick clock-spring. 

3 „ Perchloride, solution of, 

3 „ Peroxide (‘Rouge’). 

12 „ Protosulphate. 

6 „ ^-Ammonium Sulphate h 

12 „ Prcftosulphide, in lumps. 

I „ Pyrites. 

12 Lead, Metallic; strips of sheet-lead, and some lead wire. 

6 „ Acetate. 

3 , „ Protoxide (‘ Litharge ’). 

3 „ Red Oxide (‘ Red Lead ’). 

3 Litmus, solution of (‘ Archil ’). 

0-5 Magnesium, Metallic ; wire or ribbon. 

3 „ Sulphatfk, 

30 Manganese Dioxide (‘ Black Oxide of Manganese ’). 

12 Mercury, Metallic. * 

3 , >. Oxide. 

3* „ Perchloride (‘ Corrosive Sublimate’). 

1 Nickel Sulphate. 

2 Phosphorus. 

I „ Amorphous (‘ Red Phosphorus ’). • 


‘ This is much to be preferred for making the test-solution, as it keeps 
for a long time without changing into the persulphate.. 
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Platinum PA'chloride, solution of. 

0.5 Potassiirm, Metallic. 

3 , ^ Bromide. 

20 ^ „ Chlorate. 

3 „ Chromate (‘Yellow Chromate of Potassium’). 

10 „ Dichromate (‘ Red Chromate of Potassium ’). 

3 „ Cyanide. 

1 „ Feiiicyanide (‘Red Prussiatc of Potassium’). 

6 „ Fenocyanide (‘Yellow Prussiatc of Potassium 

9 „ Hydrate (‘Caustic Potash ’). 

3 „ Iodide. 

12 „ Nitrate (Purified Saltpetre). 

2 „ Nitrite. 

I „ Thiocyanate (‘ Sulphocyanale’). 

1 Silicon Dioxide (‘ Silica’) 

Silver, Metallic (a small silver coin will do). 

2 * „ Nitrate. 

1 Sodium, Metallic. 

6 ,, Di borate (Borax). 

6 „ Carbonate, pure, anhydrous, 

to ,, Carbonate, pure, crystallised. 

20 „ Chloride (Common Salt). 

„ ■ Hydrogen Phosphate, 

6 „ Thiosulphate (‘Hyposulphite’). 

3 „ -Hydrogen Tartrate. 

12 „ Sulphate. 

3 „ Sulphite. 

3 Starch. 

2 Strontium Nitrate. 

10 Sugar (Loaf Sugar). 

30 Sulphur; Roll Sulphur, and Flowers of Sulphur. 

12 Tin, Metallic ; in strips and foif®. 

* I, Protochloride (Stannous Chloride), solution of. 

2 „ Dioxide (‘Binoxide of Tin’). 

3 Tow, 

3 Turpentine. 

I Wax (beeswax, or candle). 

‘ Pieces of good fluit wi]U do. 

” Much Cf what is sold ns tinfoil is an alloy of tin and lead. The pure 
tinfoil may be known by ite comparatively rough surface and greatei tliiolc- 
ness. the sheets of the alloy are much thinner and more pliable, and have 
a bright polished siyface. 
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12 , Zinc, Metallic ; pieces of sheet-zinc. Thi purest foim of the • 

metal is the Belgian rolled zinc, scrap# of which may 
be procured from any tinman. 

3 „ Sulphate; the residue obtained in the prepaiatioi? of 

hydrogen (Sect. II, E.vercise 2) will answer well, if 
purified by crystallisation. 

[Books of printed labels, on gummed paper, including all the substances 
in the above list and many others, can be obtained from the Publishers 
of this Book. 

For preserving labels on bottles, nothing seems better than the ‘ celluloid ’ 
varnish (celluloid dissolved in amyl acetate), now prepared for photographic 
and other purposes. This has the advantage of leaving the white paper 
unaltered in appearance, without the necessity of a previous coat of size or 
gum. If this varnish is not procurable, the label may be warmed over 
a lamp-flame or before a fire, and white paraffin wax nibbed over it. This 
will melt and sink into tlie paper, making it semi-transparent and thus 
lessening the legibility of the words, but preserving it from injury by most 
liquids.] 



Advice on the use of the following Exercises. 

1. Read over the whole exercise, or at any rate a complete sec- 
tion of it, before beginning work ; in older tliat you may understand 
precisely what you are going to do. 

2. Look out all the apparatus, &c., required. It need not be all 
actually on the table before you ; in fact, it is generally better that 
it should not be so ; but everything should be within reach. 

3. Have always at hand a text-book on general Chemistry, and 
refer to it constantly for explanations of clieniical reactions, points 
.jjf theory, d-c. The present treatise is intended as a practical com- 
panion to such a book, and not in any way to supersede its use. 

4. Keep a jouinal of all that you do; and in writing it remembec 
that every experiment has an object, which should be stated 

a mode of performance, which should be described a rapult, 
which should be minutely observed and noted down an inference 
from the result, which should be logically drawn. 



PART I. 


EXPERIMENTS ON THE PREPARATION AND 
PROPERTIES OF SUBSTANCES. 


SECTION I. 
PRELIMINARY EXERCISES. 


EXEB.CISE 1. 

Fusion and Granulation of Zinc. 

Apparatus reauired. — Iron ladle, with bowl about 7 cm. in diameter ; iron 
spoon; pan or jug filled with 010.10 water; pair of strong pliers; cloth; 
pieces of metallic zinc. 

When melled zinc is dropped into water, the steam formed* 
when it tou?he»the water blows the metal into feathery, tumefied 
fragments, which from the great surface they expose to the 
■action of a solvent are well adapted for use in such experiments 
as the preparation of hydrogen gas (Sect. II, Ex. 2 ). The 
metftl in this form is called ‘ granulated zinc.’ 

Put a few small pieces of zinc into the ladle, and place the 
latter upon a clear fire supporting it on the coals so that the 
bowl may rest steadily in a jrorizontal position. Zinc requires a 
rather high temperature (433°) for its fusion, but when the 
bottom of the ladle become^ heated to faint redness the frag- 
menjf of metal will sink down into a fluid mass. When this 
tates place, add some more pieces of zinc, pressing them down 

‘ A Bunsen’s burner will answer the same purpose, but not so well. If 
it is used, the ladle may be suppoited on an irsn trtpod, or og the retort- 
stand, the handle being laid across the largest ring, so that the bowl may 
be just outside the ring '^not resting in it, lest the ’brass of the ring should 
meltj. 
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ipto the fused metal by means of the iion spoon. If any of the 
pieces of sheet-zinc are too large to go conveniently into the 
ladle, bend them into a more compact form with the help of the 
pliers. You will find it much easier to effect this when the 
metal is made quite hot by being held in front of the fire, or 
over the lamp ; since a sheet of zinc which is stiff and unyielding 
at the ordinary temperature becomes remarkably pliant when 
moderately heated. Go on adding pieces of zinc until the ladle 
is about three-fourths filled, and then leave it to be heated for 
a minute or two longer, in order that the metal may becom'e 
quite fluid. The eat thy-looking substance, or dross, which 
floats upon the melted metal, consists of a compound of zinc 
with oxygen, one of the constituents of the air, and is called 
zinc oxide. This should, at the last moment, be skimmed off 
with the iron spoon, so as to leave the surface of the melted 
metal quite bright, like mercury. You will notice, however, 
that no sooner has the coating of dross been removed than 
a thin film of it begins again to be formed, owing to the contact 
of the air with the strongly heated metal. Now take the ladle 
off the fire at once, and, holding it about half a metre above the 
“^ug of water, pour the liquid zinc in as thin a streaip as possible 
into the water. The liquid metal will, as abo^e explaiiiQd, be 
blown into thin films by the steam ; and these will solidify as 
they fall through the water, pieserving their fantastic forms. 

When all the zinc has been thus granulated, the water in the 
jug should be poured away, and the zinc should be colleked, 
dried as far as possible with a cloth, then completely diied by 
being placed on a plate in front of the fire, and kept for use in 
a wide-mouthed bottle or jar. 



GLASS WORKJl^G. 


37 


EXERCISE 2. 

Q-lass Working'. 

Apparatus required. — Metre rule ; pieces of glass tubing, about 6 or 
7 mm. in external diameter ; pieces of glass rod, rather 
smaller in diameter ; three-square file ; fish-tail gas- 
burner, on iron foot; Bunsen’s burner; Herapath’s 
blowpipe. 

General Rules to be observed In Glass Working. 

Glass must never be either heated or cooled suddenly, unless the 
special object is to produce a crack. The material is such a bad 
conductor of heat, that the end of a piece of glass may be raised to 
a red-heat, v'hile at a distance of 3 cm. from this portion it remains 
for some time sufficiently cool to be held in the fingers. In con- 
sequence of this low conductivity, when beat is applied suddenly to 
a piece of glass, the parts immediately in contact with the source of 
heat expand before the heat is communicated to the neighbouring 
parts, and thus tend to tear the latter asunder. Again, when glass 
is suddenly cooled, the surface contracts at once, and is tom asunder 
by the still expanded adjacent portions, which have not had time to 
lose their heat. It should, therefore, be a rule— * 

1st, TTeve* to»brmg a piece of glass into a flame suddenly, 
but to hold it for half a minute, more or less according to the size 
land thickness of the glass, in the current of hot air above the flame, 
slowly but constantly turning it round, and heating more of it than 
is injjended ultimately to be brought to a red-heat. 

andly. After the work is done, to withdraw the glass very 
gradually from the flame, occupying a minute or so in removing 
it to a distance of 13 or 13 cm. above the flame; then to leave it to 
cool very slowly in a position protected from currents of air. This 
is called ‘annealing’ the glass. It will sometimes be found useful 
to have at hand a dish of strori^ly heated sand, into which the hot 
glass may be plunged and left to cool slowly ; and in all cases it is 
befte* to err on tfie safe side, than to risk the breaking of a tube 
owing to its particles being in a state of tension from deficient 
annealing. 

^ In this and the succeeding Exercises only the more elementary (iterations 
in glass blowing are treated of, such as must be learUt iri order to nt up the 
apparatus required in Sect. 11. 
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3rdly, Always lo keep the glass tui’ning slowly Whilfi it is 
in the The heat of a lamp or blowpipe is mainly applied 

to one side of an object, viz. that which is turned towards the wick ; 
while almost all operations in glass blowing require that the piece of 
glass should be uniformly heated on all sides. If this simple rule be 
not attended to, it will be found impossible to blow a good bulb and 
even to make a good bend in a tube. Practice alone, however, can 
give that steadiness of hand, and adkaivmt:ss, as it were, of tho 
fingers to the glass, which will enable the student to rotate a piece 
of tube which is heated to fusion in tlie middle, withmil .sensib^ 
distorting the softened part. The portions of the tube on either 
side of the centre may be regarded as two distinct tulics united by a 
flexible material ; and the object should be, to keep these two tubes 
in the same stiaight line, and to rotate them slowly and continuously 
at the same rate, without laying any stress on the connecting 
portion. It is generally best to hold tho hands under the glass, the 
upturned forefinger and thumb being chiefly employed in rotating 
the tube, while the other fingers sustain it at such points that the 
portions of glass on either side of the heated pait are jnetty evenly 
balanced, and have no great tendency to tilt in either diicclion. 

1. To make some elbow tubes (figs. 81, 32), for use in 
> experimenting with gases. 

In the first place, a piece of tubing about 6 ^nti* in external 
diameter, and rfi cm. in length, must be cut off in tlig 
following way : — • 

Lay a piece of the tubing upon the table before .jmu, 
holding it down with the thumb and forefinger of the left hand, 
placed 1 5 cm. from one extremity. Make a small notcli in the 
tube close to this point with a three-square file, slightly pressing 
the side of the file against the left thumb, which will thus serve 
as a guide to prevent the edge ofithe file slipping along, instead 
of cutting across, the glass. The notch should be nunle, not so 
much by a repeated to-and-fro motion of the Tile, as by o*te; or 
at most two, short forward strokes, combined with as much 
downward pressure as the tube will bear, the hand being raised 
a little as''the file goes forward, so that it may follow the curve 
of the surface of the glass. By this means the file will cut 
deeper into the glass with less injury to itself, than if the edge 
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wefe drawij to and fro from poirft to handle as, is usually don^ 
the effect being then father a rub than a cut. Now take up the 
tube, holding it with both hands thus, fig. 30 (one hand being 
on each side of the notch, and the thumb-nails pressing against 
the glass on the side opposite to the notch), and break it 



Fig. 30. 


asunder precisely as a stick is broken. If the notch has been 
properly made, the tube will easily break across, the ends being 
even and at right angles to the length of the tube. If the ends~ 
are jagged ?)r »loping, about i cm. may be cut off in the way 
above described ; or another piece of tube may be taken. 

The edges of the fieshly-cut glass, which are extremely sharp, 
must be rounded off by holding the end of the tube first in the 
hot »air about 4 or 5 cm. above the flame of a Bunsen’s burner, 
and then just within the border of the flame, a little below the 
top, turning it constantly round and keeping the outer end 
lowermost, lest vapour shojald condense in the tube and run 
down to the hot part, so as to crack the glass. Do not heat the 
glass so long as to cause th^ end to sink in, and thus contract 
the ^ore of the tube ; as soon as the edge is observed to be 
fairly rounded, the tube should be removed slowly from the 
flame, annealed in the hot air above it, and allowed to cool, 
when the other end may be rounded in t^e same manner. 

The tube has next to be bent in the middle to a right angle, 
as shown in fig. 32 (p. 31). ' 
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[For bending tbe ordinary fusible glass tubing, if its exteuial dia- 
nieter does not exceed l cm., a blowpipe fir me is neither required 
nor so suitabfe as the flame of a common fish-tail or bat’s- wing gas- 
birrner ; but if gas is not dt hand, a spirit lamp with a large flame 
may be used.] • 

Light the fish-tail burner (or spirit lamp) ; then holding the 
piece of tube by its extiemities, bring it about 7 or 8 cm. above 
the flame, turning it constantly tound and moving it laterally so as 
to heat about cm. of the middle ol it equally on all sides. The 
flame of a fish-tail burner is flat, and the glass must be held uAwtq 
not across it (fig. 31) ; the object being to heat a coiisidi-rable 
length of the cube, so as to make a gradual bend. After a few 



Fig. 

seconds, lower it gradually into the flame, still constantly turning 
it round. If the gas-burner be used, the gjass will become 
covered with soot when immersed in the flame ; but this is of 
no consequence, as the heat of such a burner is never high 
enough to incorporate the cat bon with the glass. When the 
heated portion becomes soft and yielding, which will take place 
even before it has acquired a visible red-heat, withdraw it from 
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th^ fla^me, ftiid gently bend it to a right angle 'avoiding the us« 
of much force. You will probably find some diffiTt 
culty at first in making the bend in one plane, 

2. e. so that the bent tube when laid on a flat surface 
may touch it in every part of its length. The best 
method of accomplishing this is, to support the 
tube lightly by its extremities, so that the direction 
of the bend may be determined mainly by the weight of the 
tube itself ; then, holding it before you so that a line drawn 
from the eye may pass through both its extremities, gradually 
approach the hands to each other, as if you wei'e endeavouring 
to snap the tube in two. Do not _ attempt to use much force, 
or to make the bend suddenly, or you will inevitably either 
flatten the glass on the outer side or wrinkle it up on the 
inner side ; either fault being fatal to the strength of the bend. 
It wdl usually be found necessary to heat tire tube again in 
order to complete the bend ; and it is better, if there are any 
signs of wrinkling or flattening, not to attempt to bend it 
further in that part, but to heat another portion of it a little 
on one side of the partially-made bend, and to complete the 

curve in thaj; portion. 

% 

Another method of bending small tubes (not more than 6 or 8 mm. 
in diameter), which practically succeeds very well, is the follow- 
ing ; — Heat the tube as above directed until it becomes soft ; then 
hold it steady, just at the top of the flame, withdraw the left hand, 
and 'allow the tube to bend by its own weight as far as necessary. 
It is essential that the tube should be held perfectly still during the 
bending, and not rotated m any way by the right hand. 

The correctness of the angle may be judged of by holding 
the tube close to, but not actually touching, an ordinary square, 
or the corner of a table or of the book. When the proper bend 
is pofnpleted, lay,the tube on a bit of glass in such a position 
that the heated portion does not come into contact with any 
cold surface, and leave it to cool slowly. 

While it is cooling you may cut off another portion of the 
same tubing about 24 cm. long, and after .grounding the ends, 
bend it in a 'similar way, making the bend, however, not in the 



Fig- 32- 
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I^iddle of the tt/oe, but about' 6 or 7 cm. fiom one end, as 
shown in fig. 33. If that end becomes too hot 
to hold in the fingers it may conveniently be in- 
serted in a hole made in a small coik, which will 
then answer the purpose of a handle. 

The tubes thus bent are intended for fitting up 
a washing bottle or geneiating flask foi gase.s; and 
several similar ones with the blanches varying in 
length may be made at leisure moments from any 
waste bits of tubing, and will be found generally 
useful, saving much time in fitting up apparatus 
Fig 33 particular experiment. 


2 . To make a glass jet and. a cLropping-tube, or 
pipette. 

Cut off a piece of glass tubing (the less fusible the bettc) ) 
about 25 cm. in length and 4 or 5 mm. internal diameter, 

O round off the ends of the tube as directed on p. 29, and 
heat a portion of it, about 7 cm. from one end, in the 
flame of a Bunsen’s burner' (icmembering to turn it 
constantly round), until it becomes quite soft aitd begins to 
thicken and contract in diameter; then withdraw it from the 
flame, and pull the two ends apart by sligluly .separating the 
hands, until the drawn-out jrorlion is contracted to an external 
diameter of 2 mm. (fig. 34). Be careful not to use much force 








Fig. 34. 

in drawing out the glass, or it will be contracted to a fine thread 
so thin as to be useless. When it is cool, make a fine scratch 
with a file at the middle, a, of the drawn-out portion, and break 


* If the glass is very infusible the blowpipe flame must be used, but 
a Bunsen’s burner will generally be found to give heat enough. 
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the* tube at this point. You will then have^two tubes, each, 
ending in a jet, the e'dges of which should be sligjitly rounded 
in the lamp flame, and the aperture, if necessary, reduced jjy 
holding it for a few seconds longer in the flame, until a large 
needle would just pass through it. The shorter of these tubes 
may be kept for use as a jet, in Sect. II, Ex. 2. The longer 
one will foim a very useful ‘pipette’ for delivering small quan- 
tities (such as single drops) 
of a liquid, in testing. T o fill 
it, dip the jet rather deeply 
into the liquid {e.g. some 
water in a beaker), and suck 
the latter up into the tube 
by applying the mouth to 
the upper end. When the 
pipette is nearly full, remove 
the mouth and immediately 
press the forefinger (slightly 
moistened) firmly upon the 
upper end (see fig. 35); it 
may then be withdrawn fiom 
the liquid, and tRe pressure 
qf the air will pi event any 
liquid escaping ; but by re- 
laxing the pressure of the 
finger one or moie drops 
may be allowed to fall, as 
required. 

3. To make a stirring rod. 

For this purpose the heat of a gas or spirit lamp is scarcely 
« sufficient ; a blowpipe should be used, although a good Bun- 
sen’s burner will answer for most kinds of glass, if a blowpipe 
is not available. The best form of blowpipe is fully described 
at p. 15, and it will only be necessary-* here to explain the 
method of using it so as to produce the greatpsL effect. 

If a Herapath’s blowpipe is at hand, the process is simple. 

D 
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JTurn on the gaff full, and lighut at the mouth of the blowpfpe. 
Then work ^he bellows gently and uniformly, and gradually 
reduce the supply of gas, until you have a brush of blue flame 
about 10 or 12 cm. long. 

If you have one of the mouth Herapath’s blowpipes, described 
in the list of apparatus, p. 17, it should be fitted into the tube of 
the Bunsen’s burner and the whole raised on blocks to a con- 
venient height above the table. You should then refer to the 
Exercise on the use of the Blowpipe, p. 94, and piacdse the 
method of keeping up a continuous stream of air, as there 
described; remembering not to turn on more gas than is neces- 
sary to give a moderate-sized bru.sh of blue flame. 

[If a spirit or oil lamp must be used, the wick should be trimmed 
flat and palled up sufficiently to give a large flame ; then with the 
trimming scissors separate the wick in two parts, and bond each 
portion sideways so as to leave a clear passage for the air between 
them. Arrange the lamp and jet so that the latter may lie, pniniing 
slightly upwards, in the line of the passage just formed in the wick, 
and on a level with the top of it. Light the lamp, and, introducing 
the jet just within the flame, commence the blast of air. The (lame 
of the lamp will now be almost entirely deflected in the direction of 
the stream of air; and by pushing the jet a liitje fiwtlier into the 
flame, or drawing it back beyond the margin, any kind of flame may 
be produced, from a quietly-burning painted blue cone to a liugu 
roaring brush of flame; the former being most suitable for the 
present purpose. If the flame is ragged or irregular, see wliether 
any filaments of the wick stand in the way of the blast, anccif so 
remove them with the scissors. If this does not cure tlic defect, the 
blowpipe jet is dirty or not truly circular, and must be cleaned out 
by a large needle, or, better, by a small broach.] 

Having obtained a satisfactory flame, select a piece of glass 
rod about 5 mm. in diameter, an 3 cm off a piece about 18 cm. 
long, as directed in the case of the glass tubing,, Holtl onc^end of 
this piece about g cm. in front of the visible flame, turning it con- 
stantly round by a twisting motion of the fingers, and gradually 
bring it just within the apex of the flame, which is its hottest 
portion. The edges of the glass will soon begin to melt, and 
the sharp angle will disappear as the glass approaches the lit^uid 
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con’dition. . The heat should be continued tintil the end i* 
perfectly round, and then the rod should be giaduaSy withdrawn 
from the flame, annealed in the hot air beyond it, and allowed 
to cool slowly, resting on another fragment of glass, or on the 
table so that the hot end may project over the edge. As soon 
as it is cool, the other end may be drawn out so as to form a 
blunt point (in shape resembling the pipette) by heating it in the 
flame until it becomes soft, then pressing upon it the end 
(previously heated) of a short bit of glass tubing or rod, so as to 
weld them together, and lastly directing the flame on the rod 
close to the junction, and drawing it out, when soft, precisely as 
was done in making the pipette. The rod should then be cut 
at the narrowest part, and the sharp edges slightly rounded by 
fusion. 


EXERCISE 3. 

G-lass Working {continued). 

Apparatus required. — Piece of glass tubing, about 5 or 6 mm. external 

diameter j pieces of less fusible glass tubmg, of the same diameter 

(the ordinary Geriflan glass will, however, do) ; three-squaie file ; Bunsen’s 
burner; fish-tail burner; Herapath's blowpipe; coiks ; cork-borers; 
cork-squeezer, or pliers ; narrow-mouthed bottle, about 600 c.c. capacity ; 
rat-tall file ; pieces of charcoal, about 3 cm. in diameter, and 6 or 
7 cm. long. 

1. To flt up a washing bottle, as shown in flg. 36. 

In doing this you will have to apply the experience in glass 
working which you have alreq,dy gained, and in addition to leam 
the method of boring holes in corks. 

Cut off a piece of glass tubing about 5 mm. in external 
diamet^ and 50 cjm. in length ; hold it horizontally in the 
hands and heat it (observing the precautions given on p. 27) 
in the flame of a Bunsen’s burner at a point about 15 cm. 
from the right-hand extremity. As the tube is somewl^at long, 
you will find an advantage in supporting ^t near the other 
extremity on a ring of the retort-stand, or other support, fixed 
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ft the same heigfit as the upper ])art of the flame of 'the burfier. 
This will refader it easier to keep the tube tuniiug between 
tbe fingers (p, 28), and to maintain it in the proper position 
when it becomes soft. Allow the healed portion of the glass 
to become slightly thickened, then raise the tube out of the 
flame and draw it out slowly and carefully (waiting until the glass 
has so far cooled that a little force is lequired for the pur[)ose), 
as was done in making the pipette, p. 32, Allow it to cool 
slowly, and then cut it in two at the middle of the contracted 
portion. You have now two lubes, the one 35 cm. and the 
other 15 cm. in length, each terminating in a jet. 

Lay aside the shorter tube for the present, and heat the 
extremities of the longer tube just sufliciently to round off the 
shaip edges; then (using the fish-tail burnei) bend it to an 

acute angle equal to that of the 
left-hand tube in fig. 3(1, making 
the bend about 8 cm. from the 
jet. While it is cooling take 
the other tube, cut off the con- 
ti acted portion at the eml, round 
off the sharp edges of each end 
in the Bunseii flame, and bend 
it (using the fish-tail biirnqr) 
near the middle to an obtuse 
angle equal to that of the 1 ighl- 
hand tube in the figure. ' 

It now only remains to fit 
these tubes to the bottle by 
means of a cork perforated with 
two holes. It will be best, how- 
evei, to begin by practising the 
method of making a single hole 
in the centre of a cork. Take a good sound coik about 2 cm. 
in diameter, squeeze it until it becomes soft and elastic (a pair 
of pliere or nut-crackers may be used instead of a regular 
cork -squeezer), then take it up thus, fig. 37, between the 
second finger and the thumb of the left hand, and place the 
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sharp(^ned «nd of the smallest cork-borer ag'ainst it, as neat 
the centre of one end as you can judge. Urge tbe cork-borer 
into the cork with a twisting motion, as if you were usjpg 
a cork-screw. Some care will be required to make the hole 
straight through the cork, so that it may be truly central. Of 
the proper direction the eye will be the best judge : and when 
the cork-borer has penetrated some little way, it will be ad- 
visable to turn the cork a quarter round, in order that it may 
be seen whether the axes of the cork-borer and of the cork 
are still in the same straight line. If not, a slight pressure 
on the cork-borer in one direction or the other, while the 
boring is continued, will set it straight. When the borer has 



Fig. .S7- 


penetrated quite through the cork, it may be withdrawn with 
a twisting motion, and will biing with it a cylindrical plug of 
cork, leaving a hole, the sides of which should be smoothed 
with the round or ‘ rat-tail ^ file. The plug of cork remaining 
in the borer may be pushed,out by means of a wire which is 
usually sold with the set of boiers for that purpose. It should 
not bft thrown away, as such small corks are often very useful 
for stopping the ends of drying tubes, and other purposes. 

When you have practised in a similar W'ay on one or two 
other coiks, and have learnt to contro> the direction of the 
borer, you may complete the fitting up ofi, the washing bottle. 
Take an ordinary narrow-mouthed bottle holding about 500 or 
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L^oo c.c. ; choosd a cork slightly too lartce to fit it’ (since the 
cork is reduped in size when it is squeezed), and render it soft 
and elastic by squeezing it. You have now to 
make two holes in it in the position shown in 
fig, 38, on opposite sides of the centre, and 
about midway between the centre and cir- 
cumference. Take for the purpose a cork- 
borei rather smaller than the tubing which you 
have been using, and bore the two holes, 
with particular care that each hole docs not run into the other 
or pierce the side of the cork. The cork-borer may be slightly 
oiled, if thought necessary, but this will be seldom requisite if 
the end is kept properly shaip. The holes should next be 
smoothed and slightly enlarged by the rat-tail file, until the 
end of one of the tubes will just enter them when some little 
pressure is used. Now pass the longer branch of the longest 
of the two tubes through the cork, with moderate pic.s.sure' 
and a twisting motion, until it projects so far a.s to reach, 
when the cork is fitted into its place, nearly to the bottom 
of the bottle. When this is done, pass one of the branches 
of the other tube through the other hole in tlie pork, until it 
projects 3 or 4 mm. on the other side. Filf the bottle with 
distilled water, fit tlie coik carrying the tulrcs liglitly into tliw 
neck of it, and your washing bottle is ready for use, Ulow 
gently thiough the up-turned end of tire shorter lube, and see 
whethei a fine stream of water issues from the jet of the other 
tube. If the jet is found to be too large, it may be easily 
reduced in size by holding the tip of it (after being freed from 
moisture) for a second or two ici the flame of a Bunsen’s 
burner. Care should be taken qol to allow any water to flow 
down into the jet while it is being heated, which would in- 
fallibly crack it. 

f If much pressure is used the tuhe is not unlikely to break, and the 
splinters of glass may cause a serious cut. The hole should nevei be so 
much smaUer than the tribe as to make it necessary to use much force in 
passing the latter through it. It is a good plan, also, to wrap the tube 
m a cloth or handkeicfiief while it is being passed thiough the hole in the 
cork. 
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If !}o water issues^ from the jet when you 'blow air into ti?s 
bottle, either the aperture is closed up, in which ucase a small 
portion of the tip of the jet may be cut off with a file, or thg^re 
is a leakage of air at the cork. Place a drop or two of water 
on the cork, and observe whether, on blowing as before, bubbles 
rise through it. If they do, you may remedy the fault either 
by pushing the cork more tightly into its place or, if this fails, 
by taking a new cork altogether, and boring the holes with 
more cave. Never be satisfied with an imperfect apparatus. 

[If a larger quantity of water is required at once, as in filling an 
evaporating dish or small flask, the bottle should he inverted so as 
to bring the blowing-tube lowermost, from which a stream of water 
will flow while air enters through the other tube.] 

2. To seal a glass tube. 

This is the simplest operation in glass blowing strictly so 
called, i.e. in which the assistance of the breath is called in, 
to mould the glass into shape ; and it is one which the student 
is continually called upon to practise for mending broken test- 
tubes and making ignition-tubes. 

Test-tube*, however, are made of such thin glass that it is 
by no means so easy as it appeal's to seal them neatly ; and you 
will find it best to commence work on a piece of readily fusible 
glass tube about 4 or 5 mm. in internal diameter. Cut off 
a piece of this tubing about 15 cm. in length, and round the 
ends in the Bunsen flame. Then, having arranged the blow- 
pipe so as to give a moderate-sized, steady flame, hold the tube 
horizontally and bring it gradually into the hottest part of the 
flame, so that about i cm.mear the middle may be thoroughly 
heated. When the glass becomes quite soft, remove it from 
the flame and draw it out a little by separating the hands. 



Fig- 39- 

until it assumes the form of fig. 39. No,w direct the flame 
against the part which lies a little to the left of the most 
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^ontfacted porticfn, and draw it out furllicr until notliiiiff ljut 
a thread of glass remains to connect the two portions of the 
tu^e, fig-. 40. 



Fig. 40. 


This thread of glass bhonld next be heated just at the point 
where it joins the tube on the left hand, when it nil! fuse and 
divide, tunning up into a small Itnob against the thicket portion 
of the tube. Lay down the right-hand jiiece of tube (testing 
it on another bit of glass, that it may not burn Ibe table), and 
proceed to make the end of the other piece smooth and ronnd, 
This is done by directing the flame upon the small projeeling 
knob, which will soon fuse and partially incorporate itself with 
the surrounding glass. The whole end of the tube will, how- 
ever, have become contracted and thickened, and must be ex- 
panded a little by removing it from the flame and immedicth'ly 
forcing air very gently into it from the mouth, until it takes the 
shape of fig, 41. 



Fig. 41. 


t 

Do not blow too hard at first, oi heat more of the lube than 
is necessary, or you will probably expand the sides of the lube 
into a bulb, which is not your present object ; your intention 
being simply to distribute evenly the thickened glass at the 
extremity by driving it forwards rather than ouLvards, and to 
mould the end of the tube into the regular round form of 
fig. 41. If this is not accomiflished at the fust trial, bring the 
end of the tube again into the blowpipe-flame until it conlraels, 
and blow it out as before, keeping the attention, while ble-vijig, 
fixed on the heated glass so as to be ready to moderate or 
stop altogether the supply of air from the mouth, if the glass 
shows signs of yielding too much. 

Now anneal the l;ibe as already directed, and finish the other, 
or right-hand piece of tube, in a similar way, drawing it out 
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and rounding it exaq^tly as before. If the bit’ of capillary tulx 
remaining attached to it is too short or too slight to be used 
as a handle in drawing out the glass, it should be cut off, aJUd 
while the end of the tube is heated in the flame, a bit of waste 
glass tubing held in the nght hand should be heated and pressed 
against it, and the flame directed upon the point of junction. 
The two pieces will then adhere, and by applying the flame 
a little more to the left the superfluous glass may be melted and 
drawn off, attached to the bit of waste glass. Moreover, if the 
remaining knob be too large to be neatly melted into the bottom 
of the tube, it may, when soft, be touched with a bit of heated 
glass and drawn off in a similar way. 

After a few small tubes ha,ve been thus sealed, larger lubes 
may be operated on in the same way, a larger blowpipe-flame 
being employed. Test-tubes broken at the bottom will be 
found good materials for practising on, and may be mended 
by drawing off the broken portion and sealing them as above. 
The glass of which these tubes are made is so thin that it is 
not easy at first to avoid over-heating them in some one spot, 
thus producing a mis-shapen end, which is quite inadmissible 
in vessels whicl^ like test-tubes, are exposed to comparatively 
sudden changes of temperature. The softened portion should 
not be drawn out much at first, but allowed to sink in and 
contract of its own accoid, in order to thicken it a little : and 
especial care must be taken that the bottom is of unifoiha 
thickness and well annealed. If there is a crack in the tube, 
the piece must be broken off by a slight blow; or, better, the 
ciack may be led round the tube as described in the next 
section, otherwise it -will extSnd itself when the tube is heated. 

3. To make ‘ Ignition tulbes.’ 

Thfese are tubes of difiicultly-fusible glass, about 5 or 6 cm. 
long and 4 mm. in internal diameter, ending in a small bulb, as 
shown (actual size) in fig. 42 (next page). They are extremely 
useful for experiments in which the effdct of heat i"pon sub- 
stances has to be tried, as in the course of Qualitative Analysis. 

In the fiist place a short piece of difiicultly-fusible tubing must 
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>ie sealed, and thd end rounded as above diiectecl ; oronc^of tlie 
tubes already; sealed may be taken. About, i cm. of the sealed 
ei^d of this must be heated strongly and uniformly in the blow- 
pipe-flame, until it becomes thickened and soft enough to bend 
by its own weight. It should be prevented from bending or 



Fig. 42. 

dropping down by turning it continually round in the flame. 
As soon as it has thus become viscou.s, take it out of the flame, 
still tuining it round, and imimdiaitly blow into it until the end 
has expanded into a bulb about the size of a small marble, as 
shown in fig. 42. Stop blowing the moment that the bulb has 
reached the proper size, or the soft glass will almost ceitainly 
expand into a large mis-shapen bubble or buj’st into thin frag- 
ments h If the bulb is irregular in shajic, or ‘lop-sided,’ the 
glass has not been uniforvily heated : most likely because it has 
not been continually turned round while it was in the flame. If 
the first attempt is not successful, the bulb n?xy 'generally be 
melted down and blown out again; but the glass should not be 
heated longer or oftencr than is absolutely ueee.s.sary, since 
many kinds are apt, when kept long at a teinpeialure near 
melting-point, to become semi-opaque and infusible “, and diere- 
fore useless. 

4. To divide glass by leading a crack along it. 

The low conducting power of gldss for heat renders it, as has 
been already noticed (p. 27), veiy liable to crack from sudden 
changes of temperature. From the same cause, however, it is easy 

^ If this does happen, yon wilt probably observe brilliant colours in the 
light reflected fiom tlie filmy fragments of glass, like the tints .shown by 
a soap-bubble, and due to the same cause, viz. the interference of ihe rajs 
of light rejected from tile upper and lower surfaces, re.spectively, of tlie 
extremely thin plate of glass. 

“ This change is eSUed ‘devitiification,’ and is probably due to some 
changes in the composition of the silicates of which glass is composed. 
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to 'extend -a crack, wlien once begun, in any* desired directio* 
by heating the parts of the glass which lie just in' front of the 
crack ; the latter will always extend in the direction of the str;^in 
caused by the heat. The method is extremely simple, and will 
be found especially useful in cutting off the necks of flasks when 
they are chipped or uneven, and in making evaporating basins 
or capsules out of bioken flasks or retorts. 

Suppose, for instance, a Florence flask (or a test-tube) has 
a neck too uneven to allow of a cork being fitted into it. 
Arrange the blowpipe' to give a moderate-sized flame ; take any 
waste bit of glass rod or tube about 6 mm. in diameter and ^ or 
8 cm. in length, and draw it out in the flame as directed in the last 
section, leaving the end somewhat pointed. Now take the body 
of the flask in the left hand, the neck pointing upwards, and, 
having heated the pointed end of the rod to full redness^ apply 
it to the outside edge of the neck, 
and hold k there for a second or 
two. It is very probable that a 
small crack will be thus started, 
but if not, it may with certainty 
be producefl by removing the 
heated rod, and immediately 
touching the spot lightly with a 
moistened finger or splinter of 
wood “. The crack once begun, 
press the red-hot end of the rod 
on the glass a little in front of 
it, fig. 43 , when it will at once 
extend itself to the heated spot ; 43- 

and by slowly drawing the t;od in the direction required, re- 
heating it from time to time in the blowpipe-flame, the crack 
may 4)e led at first a short distance downwards, and then, 
turning at right angles, horizontally round the neck so as to cut 

^ A good Bunsen’s burner will give heat enough ; but it takes a longer 
time to heat the glass. ^ 

^ By making a notch with the file in the place and in the direction in 
which the crack should be, and applying the heatea rod to the end of tlie 
notch, it is easy to start a crack at once and in the desired direction. 
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^ a ring of glas^ including the uneven portion. It ^ generally 
not possible fo cairy the crack entirely round the glass until it 
le^rns into itself; a small portion of the glass will remain 
undivided, but after laying down the rod the ring may be readily 
pulled off, a very slight inequality mat king the point where the 
crack was incomplete. 

[A rather better form of termination for the rod, especially when 
the glass to be cracked is somewhat thick, is that shown in fig. 44. 
It is made by heating strongly about 5 or 6 nun. of the end of the 
rod, and then, the rod being held in a slanting direction, pressing it 
down on any flat metallic surface. The glass will spread out later- 
ally, aird by turirirrg the rod half round and pressing it clown again 
in the same way the desired chisel-shaped end will beobtaiircd. hr 
using it the edge should be kept in the line of the crack reejuired, 



Fig. 44. 


and moved along the surface with slight pressure. Tire advantages 
of this form are : ist, That more of the glass in the desired line is 
heated at once, so that the crack c-xtends nrore rapidly, yet under 
perfect control ; andly, That it is easier to lead tlv cr'fick in an uir- 
srverving straight line, the eye bciirg guided Iry the line of the edge 
of the tool, than when a blunt point only is used, precisely 11s a car • 
penter finds it easier to cut the side of a mortice by a broad chisel 
than by a narrow one.l 

■' n 

6. To border the necks of flasks or test-tubes. 

Having thus rendered the neck of the flask even, it will be 
desirable not only to fuse the edger in the flame, but to turn it 
slightly outward so as to form a spreading rim like that of a bottle, 
which will give it much greater strength when a cork is to be 
fitted to it. To do this a very simple tool must be first prepared. 
Select a piece of sound charcoal, free from fissures, about 3 cm. 
in diameter, and 6 or 7 cm. long. Cut and rasp the end of this 
to a point like that of a pencil, but more obtuse, tire angle at 
the apex being nearly a right angle. Take the flask iir the left 
hand, and, after heating about i cm. of the neck gradually in 
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front of the blowpipe-flame, cautiously heat ths extreme edge ij; 
the flame until it softens, turning it constantly round and 
holding it at right angles to the flame so that the latter i^ay 
play across the mouth and heat two opposite sides of the glass 
at once. When tlie glass begins to soften and 
sink inwards, take the pointed piece of cliarcoal 
in the right hand and press it gently with a 
twisting motion into the neck. The edge will 
spread out, and by repeating the operation a 
border shaped thus, fig. 45, will be obtained, 
which should be annealed with especial care. 

Test-tubes, &c., maybe boidered in the same 
way, but it is best to use a spirit lamp or 
Bunsen’s burner, and not the blowpipe, for heating the edges, 
on account of the thinness of the glass. 
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EXERCISE 4. ' 

Weighing and Measuring. 

Apparatus reguirad. — Balance, and set of weights ; Bunsen's holder ; test- 
tube, selected of stout glass, about 16 cm. long, and 1.5 cm. in diameter ; 
bealcers ; washing bottle ; pipette; three-square file ; writing diamond. 
Materials. — Alcohol (methylated spirit): strong hydiogen sulphate (sul- 
phuric acid) ; piece of glass rod about 7 or 8 mm. in diameter and or 
4 cm. in length (the stopper of a bottle will do) ; bits of lead, iron, cork, 
and wax, about the same sisc as the glass ; some .sand or shot ; .ihout 
30 cm. of copper wire, No. 18, about 1-2 mm. in diameter; (me cotton 
or silk ; sheet of writing pnpei ; card. 

General Rules to be observed in Weighing. 

1, Handle the weights very carefully, using a pair of light brass 
forceps for the smaller ones. 

2. Never allow the scales to swing violently about, but keep them 
steady with the hand while the weights are being put in. 

3, Try the weights in a definite order, beginning with the hugest, 
then taking the next smaller, then the next, and so on. 

4. Count the weights over twice, — once in tlic scale-pan, tiiul 
again as they ate being put away in their places, —and put down 
results at once in your note-book. 

1. Examination of the correctnoss of tho balance 
and weights. 

Support the balance in ’the Bunsen’s holder', us shown in 
fig. 46 (next page), at such a height that the luins may he about 
3 cm. above the table. Place under the pans a flat 1 tiler (a Ijalf- 
inetre rule will do very well), so that by tilling it on its edge 
they may be steadied when lequired. 

In the first place see that the beam, when free to swing, 
comes to rest in a horizontal position. This is the case when 
the pointed index, which projeebs upwards from the middle 
of the beam and at tight angles to it, lies e.xactly within tlie 
vertical frame from which the beam is hung If it does' not 

It will be advisable to put a weight (such as the Arg.nul lamp) on the 
base of the Bunsen's holder, to prevent the possibility of Us (ailing furwnrd 
when heavy ^weights are pn! in the scales. 

“ For since the fmme by its weight hangs veitiral, the index, when parallel 
lo it, must be vertical rflso. But this index is constiucted to be at right 
angles to the beam; hence when the index is vertical the beam is horizontal. 
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do * 30 , one .of the pans may be dirty, or not haTiging fairly froiti, 
the be’am; but if nothing of this kind is noticeable, the con- 
straction of the balance may be at fault, and the equilibrium mi^t 
be adjusted by putting a bit of paper, or tinfoil, in the lighter 
scale ; this must, of course, remain there throughout the exercise. 

Next, examine the weights to see if they correspond with, 
and are conect multiples of one another. If you have the 
complete set of too, 50, 20, 10, 10, 5, 2, 2, i, -5, -2, -2, •! grm.', 
the following trials may be made. 



* Kig. 46. 

,, I. Place a to grm. weight in each scale, and counterpoise it 
by sand or shot placed in a watch-glass (or pill-box) in the other 
scale. Then transpose the weights from one scale to the other. 
They ought still to balance each other: if they do not, the arms 
of the balance are not of equal length. (If the discrepancy is 
serious, the balance should be rejected altogether.) 

2. Take the counterpoise o^t of the scale, and substitute for it the 
other 10 grin, weight. The two weights ought, of course, to balance 
each other exactly. Absolute accuracy can hardly be expected in 
coipnfon balances and weights, but there should not be an error of 
more than half a decigrm., otherwise the weights should be 
rejected, or at any rate tested with a standard 10 grm. weight, 
and corrected. 

‘ Suggestions for making weigkts to fill up any (Jfefioiencies iu a set are 
given in Appendix A. 
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3. Try whether the 2 grm. weight Inis exactly twice llie n.ass 
of the I grw. weight, in the following way. 'Weigh out care- 
fully I grm. of writing-paper; then put the i grm. weight in 
the same scale as the papei, and .see if the 2 grm. weight 
balances the whole. If it does so, then we are sine that it has 
twice the mass of the i grm. weight, as it should have. 

4. Try whether the 2 grm. weight which 3’ou have just used 
balances the other 2 grm. weight. 

5. Try whether the 2 -I- 2 + i grm. weights balance the f; grm. 
weight. 

6. Try whether the 5 -p 2 2 1 grm, weights balance the 
10 grm. weight. 

7. Try whether the two 10 gun. weights balance the 20 gim. 
weight. 

8. Try the 50 grm. weiglit against the 20+ ro-f lo-f 5-p 2 
+ 2+1 grm. weights. 

9. Try the 100 grm. weight against all those just mentioned, 

If you have not a complete set of weights you may still be 

able to make some of the above trials, and others will suggc.st 
themselves. For instance, if you have i, 2, and 5 gun. weights, 

4 grms. of a substance may be weighed out by putting the 

5 grm. weight into one sc.ale, and the i gim.' weight into the 
other, and then placing in the latter scale enough of the sub- 
stance to restore equilibrium. This method is called ' weighing 
by subtraction,’ and is constant]}' useful. 

2. Graduation of a test-tube as a measure of cubic 
centimetres. 

The original gramme weight was obtained (see Appendix E) 
by measuring i cubic centimetre cf pure water (at 4'’ C.) and 
making a piece of metal of sujjh a weight as to balance it. 
Hence if we put into a tube enough water to balance the i grm. 
weight, this amount of water will measure i c.c. (the sma’i cor- 
rection for temperature may be neglected). 

Select a test-tube of stout’ glass, about i-j} cm. in external 

'■ The must be fairly thick, otherwise tile file-sci atcli may sooner or 
later cause a crack in It, If no thick test-tubes are at hand a suitable tube 
may be made according to the directions given on p. 39. 
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diameter aad i6 cm. length. Place a rather large beaker in'* 
one scale of the balance, put into it a little sand ’to steady it 
and pi event breakage, and support in it the empty test-tu'^e 
(or hang the tube by a piece of copper wire fiom the ring to which 
the chains carrying the scale are attached). Counterpoise them 
by a beaker partially filled with water (or sand) placed in tlie 
other scale. When you have seen that the scales are in equilibrium, 
put into the scale containing the counterpoise a i grm. weight, 
and pour distilled water into the test-tube fiom the jet of 
the washing bottle until equilibrium is restored. If too much 
water is added, the excess may be removed by a glass rod, 
or by the pipette which you have already made (p. 32). 

Biing the test-tube up to the level of the eye, holding it 
vertically against the wall, or some other upright 
suppoit; place the thumb-nail just at the 
level of the lowest part of the curve formed 
by the surface of the water’ (see fig. 47), 

Pig- 47 ' and make a slight mark with a file at this 
level. The mark will then, as already explained, 
denote a volume of i c.c. 

Weigh into, the lube in a similar manner, 2 grms., 

5 gims., 10 grms., and 20 grms. of water, making 
ac;file-maik at each point. Finally, empty out the 
W'ater and make a shallow scratch with the file at 
each of the marks, guiding the edge of the file by 
a strip of card held firmly round the tube. The 
lines may extend round one-fourth of the circum- 
ference of the tube, and the figures i, 2, 5, 10, 20 c.c. 
may be scratched on the glass close to the proper- 
mark with a shar p point of th^ file, or, better, with 
a writing diamond. The tube, fig, 48, is now ready 
to be Ssed whenever a measure for small quantities 
is requited, and also for determining densities, in the manner- 
next to be explained. 

5 , _ 

' This is the best and most sharply-marked level" at, which to read off a 
volume of such a liquid as water, and it may be made even clearer by 
holding behind the tube a white card over the lower half of which has 

F. 
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Determmation of Den'aities. 

^‘Density’ means, strictly speaking, ‘ciuantity of matter’; 
and equal bulks of different substances contain very different 
quantities of matter. This is generally found out by weighing 
them. Thus the weight of i e.c. of water is, of couise, i grin.; 
the weight of i c.c. of silver is found to be 10-5 guns. Hence 
we say that silver has loj times the density of walei '. 

In practice, water is usually taken a.s the standaid of com- 
paiison for liquids and solids, and the ‘relative ilcnsity’ or 
‘specific gravity’ of a substance is thf manhir ivlticli expresses 
how many times a certain bulk 0/ it is heavier or lighter than the 
same bulk of water. 

Hence in order to determine the density of a substance we 
have to ascertain, 

1. the weight of a definite volume of the substance, 

2, the weight of the same volume of water. 

Then we have only to find the proportion between the 
weight of the water and the weight of the substance by the 
rule-of-three sum ; — 

Wt of water: j ''’t.'rf equal vol. | . . j . dmisity of tke siihstaiicQ. 

( ot the suljataiioe 1 ‘ r. 

A. Dj;k.sitv of Liquids. 

In the case of liquids the procc.ss is very simple. A vcs.sel is 

(r) counterpoised so that its own w'cighl may he neglected; 

(2) filled up to a particular level with water, and weighed ; 

(3) filled up to the same level with the liquid anti again 
weighed. 

The measure you have made is particularly convenient for this 
purpose, since it is easy to obtain with it a definite volume of any 

been pasted a piece of black paper; the boundary line l>BtwceM the white 
and black being made to coincide nearly witli tlio lowest pait of llie turve. 
The latter then appears black and perfectly sharp against tliu wliite back- 
ground. 

’ In illustration of this, a piece of good cork may be cut with a sharp 
knife intfe a cube each side of which measures t cm., and then weighed ; it 
will be found to wjigh nearly one-fourth of a gramme. A cube of lead’ 
of the same dimensions (filed and scraped na true as possible) will weigh 
between it and 12 grms. 
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liquid, and it is clear fr<im the way in which you have graduated it,'* 
that the number of cubic centimetres of the liquid takeS will express 
the weight in grammes of the same volume of water, thus saving 
the trouble of weighing the latter. 

Thus if the volume of the liquid is 5 c.c. we know at once without 
weighing that this volume of water weighs 5 grms. 

1. Density of alcohol. 

Counterpoise the measuring tube in the balance, in the 
manner already described ; put in 10 c.c. of common alcohol, 
and weigh it carefully. Put down the weight at once in your 
note-book. 

Then, since it is known that 10 c.c. of water weigh 10 grms. 
(neglecting the slight correction for temperature) we shall have 
the proportion, 

Weight of 10 c.c. of water : wt. of 10 c.o. of alcohol : ; i : density of alcohol. 

2. Density of hydrogen sulphate (sulphuric acid). 

After rinsing out the measuring tube with water and drying 

it, put into it 10 c.c. of strong hydrogen sulphate and find its 
density in a similar way, bearing in mind that the substance is 
very corrosive^ and should be handled caiefully. 

[Other liquids of which the density may be taken are, — strong 
solution of common salt, — turpentine, — paraffin oil, — mercury (5 c.c. 
of this will be enough).] 

* B. Density or Solids. 

In the case of solids there would seem, primd facie, to be a 
great difficulty in getting a volume of the substance exactly 
equal in size to a given volume of water. It may be done 
readily, however, by having recourse to Archimedes’ principle, 
that ‘a solid when immersed in a liquid loses a weight which 
= thaf of the liquid which would occupy its place, i. e. the 
weight of a volume of the liquid equal to it in size 

All that is required, therefore, is (i) to weigh the solid in 
ail, (z) to immerse it in water and weigh it again "in that 

' Proofs of the truth of this principle are given at the end of this, 
exercise. 
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■“position. The difference between the tv;o weights' will, be the 
weight of a‘volume of water equal in size to tlie solid, and the 
density can then be found by the usual proportion sum. 

Examples. 

1. Density of glass. 

Arrange the balance as usual ; except that, since the chains 

or cords by which the scale is 
hung are likely to get in the way, 
it will be well to Iteej) them farther 
out by attaebing to them, about 
3 or 3 cm. below the ring from 
wliicli lliey are hung, a wire frame 
of the shape shown in fig. 45, 
made of tliiee piece.s of biass or 
copper wire about i’2 mm. in 
diameter (No. 18, wire-gauge) and 
Fig. 49. about 9 cm. long, twisted together ; 

each arm being about 4 cm. long, 
Such a frame may be made lor each scale, ami may remain 
permanently attaclied to the balance, as it will be jimnd of great 

u.se in [ii eventing tlie chains 
getting entangled. 

Support over one scale a 
beaker, 5 cm. in diapieler, 
upon a glas,s plate (or .small 
stoneware gas tray) resting on 
a ring of the retort-stand, as 
'shown in fig. 50, care being 
taken to leave just room 
enough for the scale to rise 
and fall freely belcw. the 
retort ring. 

Hang a short thick piece 
of glass rod (or the stopper 
of a bottle) in a secure noose 
of the finest cotton or silk, and tie it to the centre of the 
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three-armed frame ab(jve mentioned, so that it ‘may hang freely-* 
in the middle of the beaker. Weigh it in this positi'in, and note 
down the weight at once. Then nearly fill the beaker wit^i 
water, taking especial care that no drops fall upon the scale, 
brush away with a piece of wire any air-bubbles which may 
cling to the solid, and weigh it again. It will now weigh less 
than before, because of the support which the water gives it, as 
explained, p. 51. Put down the weights thus; — 
weight of glass in air = 

weight of glass in water = 

weight of vol. of water equal to ) _ 
glass in size S ~ 

Then calculate the density by the usual proportion sum ; — 

Wt. of water ; wt. of equal vol. of glass : : i : density of glass. 

2 . Density of lead. 

Ascertain this in the same way as described above, taking a 
leaden bullet, or a strip of thick sheet lead. 

Other solids of which the density may be taken, if time permits, 
are, — a copper or silver coin, — a piece of iron, such as a short thick 
sciew,— a bit *f s|pne or coal, — a piece of sulphur. 

It is advisable to take a good large piece of the substance ; 
otherwise the errors of the balance and weights will be so relatively 
laige as to make the results uncertain. 

The calculation may be expiessed in the following rule,' — 

Weight of solid in air , . r i- 1 

r-; — ; density of solid. 

Loss of weight m water 

It is worth observing that you have obtained in the above 
experiments data sufficient for finding the exact size of the 
solid, however irregular in shajje it may be. You have found 
the weight of a quantity of water equal in size to the solid. 
But,, ^ce I grm. of water measures i cub. centimetre, the 
weight of the water expressed in grammes shows the number of 
cub. centimetres which it measures, and therefore also the size 
of the solid in cub. centimetres. Thus if the weight of the 
water displaced by the glass is 3-2 grms., the size of the glass 
must be 3-2 c.c. 
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Additional Experimeifts. ' , 

1. Density of Liquids. 

*^Th.e principle of Archimedes suggests a neat method of taking the 
densities of liquids, which may sometimes be found useful. It is, 
simply, to weigh a piece of glass or other suitable solid, (i) in air, 
(ii) in water, (hi) in the liquid of which the density is required. 
Then, as already explained, — 

Loss of weight in water=weight of volume of water equal to the solid. 
Loss of wt. in the liquid "=wt. of vol. of the liquid equal to the same solid. 

Thus we have ascertained the weights of equal volumes of water 
and the liquid, from which the density of the latter is found in the 
usual way. You may, in illustration, take the density of alcohol by 
this method, using the solid of which the density has just been 
found ; and of which, therefore, the weight in air and water is 
already known. Compare the result with that which you previously 
obtained. 

2. Density of solids 'whloh. are in small pieoes, or in powder. 

In such cases the ordinary method is clearly impracticable, and 
we must resort to another method of finding the weight of a volume 
of water equal to the solid in size. As an example some sand may 
be taken and its density found in the following way. , 

Counterpoise the measuring tube on the balancf m the usual way, 
and put into it enough clean diy sand to fill it about one-third full. 

Find the weight of the sand, and write down this weight at once 
on a piece of paper. Thus : — 

(i) weight of sand in air= ' 

Then fill up the tube (the sand still remaining m it) with water, to 
the level of the 20 c.c. mark, see that no air-bubbles cling to the 
sand, and weigh the whole. 

By this last weighing you have found the weight of a mixture of 
the sand -f- water, measuring 20 c.». And if you subtract from this 
the weight of the sand, the remainder will be the weight of the 
water you have added to make up the total volume to c.c. 
Thus ; — 

weight of sand-f water= 

^ - weight of sand alone = 

weight of water added = 

Now, if the sand was not there, but its place supplied by water. 
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we should ^ave 20 c,^. of water, which would, ‘of course, weigh_^ 
20 grm^. And it is easy to see that the difference between 20 grms. 
and the actual weight of the water you added will be the weight of 
the water which would be theie if the sand was not, i.e. the weight 
of a volume of water equal in size to the sand. 

Hence, the next step in calculation will be 
weight of 20 c.c. water = 

- weight of water added = 

(ii) weight of water equal in 1 

volume to the sand J ~ 

Then, since you know already the weight of the sand m air, you 
have lastly to work out the .proportion, — 

Weight of water (ii) : weight of equal vol. of sand (i) : : i ; density of sand. 

[Other substances suitable for similar experiments are, — small shot, — iron 
filings, — small bits of sulphur ] 

3 . Density of solids which, are lighter than water. 

The difficulty in applying Archimedes’ principle in such cases is 
that the unassisted weight of the solid is not sufficient to cause it to 
remain wholly immersed in the water ; the upward pressure of the 
water being enough to make it float with only so much of its bulk 
immersed as is equal to the volume of water weighing as much as it 
does. To illustsate the method of overcoming this difficulty you 
may take the density of wax in one of the two following ways. 

^ A. Take a piece of wax about as large as a walnut (a bit of wax 
candle will answer well), and ascertain its weight in air. Then tie 
it securely to a piece of glass (or lead) of which you have already 
found the density, sufficiently large to sink it in water. Hang the 
whole from the wire frame of the balance and weigh it (i) in air, (2) 
in water, in the usual way. Now, if you subtract the loss of weight 
which the glass alone showqfl when immersed in water (alieady 
ascertained when its density was taken) from the loss of weight 
shown by the glass + wax when'^imilarly immersed, the remainder 
will be the loss of weight due to the wax alone, z. e. the weight of a 
volume of water equal in size to the wax. From this the density of 
the wax should be calculated in the usual way. 

B. A simpler and very instructive mode of finding the density of 
a solid which is lighter than water, is the foHowing ; — ^ 

Weigh the solid in air (a piece of wax or a cork about 3 cm. x 2 cm. 
may be taken). Then place a beaker, about 5 cm. in diameter, 
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^three-fourths filled with water, m one scale of the balance, and 
counterpoise^it by sand in a beaker placed In the other scale. Cut 
off a piece of brass or copper wire (No. i8 wire-gauge), about 2o cm. 
iC'ng, file one end of it to a point, bend it to a right angle about 7 cm. 
from the pointed end, and stick the point firmly into the piece of wax 
(or cork) as shown in fig. 51. Lay the wire upon 
the smallest ring of the retort-stand so that the 
bent pait pi ejects about 7 or 8 cm. beyond the ring, 
and secure it there by twisting the remainder of 
the wile about the ring. Bring the stand up to the 
balance, and carefully lower the solid into the water 
in the beaker until it is entirely immersed. There 
will no longer be equilibrium ; the solid appeal ing 
to push down the scale, though it does not touch 
the bottom of the beaker. Next put weights into 
the other scale until equilibrium is restoied, and note down their 
value. Now, by Newton’s Third Law of Motion ’, the upward pres- 
sure of the water against the solid is met by an exactly equal down- 
ward pressure of the solid against the water in which it is immersed ; 
and since fluids transmit pressure in any direction whatever, 
the pressure is transmitted to the beaker and the scale is forced 
down. Therefore the weights you have put into the other scale 
to restore equilibrium represent the upward pressure of the 
water against the solid; and this, as already explirined (p. 51), 
lepresents the weight of a volume of water of the same size as the 
solid. Thus you have the two dala lequircd, (i) the weight 
the solid itself, (2) the weight of an equal volume of watei ; and 
the density of the solid should be calculated in the usual w’ay. 

[Other solids of which that density may he similarly taken are— a lump 
of camphor,— a bit of deal (which must be previously well varnished in 
order that water may not penctinte it).] 

4. Density of solids which are aqted upon by water. 

Many crystallised salts aie of tlii^ character, and also such metals 
as potassium and sodium. It is, of course, impossible to weigh such 
substances in water ; they must, therefore, be weighed in«some 
liquid which does not act upon them, and the density of which is 
known. Turpentine is in most cases a convenient liquid to use ; 

^ *[(=1 force is always accompanied by a reaclioinn the body 

to which It IS applied.^ This reaction is equal to the force in magnitude 
and opposhe to it in diiectioii.” 


r 
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and as an axample density of alum maybe found in the foUow.-» 
ing way. (» 

Take some good clear turpentine and find its density in the usiial 
way. Then hang a lump of alum from the wire frame of the balance, 
and weigh it (i) in air, (ii) in the turpentine. The loss of weight 
will, of course, denote the weight of a volume of turpentine equal in 
size to the alum. Next, the weight of a volume of water equal to 
this must be found by the proportion sum, — 

f Density of the I . , , . f wt. of the | _ ( wt. of an equal 
t turpentine J ’ ' ‘ t turpentine J ' ( vol. of water. 

Thus we have ascertained the weights of equal volumes of water 
and the alum, and the density of the latter may then be calculated 
in the usual way. 

[Other substances of which the density may be taken in a similar way 
are — potassium nitrate (saltpetie), — copper sulphate. If the substance is in 
small crystals or in powdei, the method explained in expt. 2,p. 54, must be 
employed, turpentine being used instead of watei .] 


The truth of Archimedes’ principle referred to on p. 51, may be 
proved in the following ways : — 

A. By theory. 

The solid appears to weigh less in water than in air, because the 
water gives jt some support. This support would be equally 
given to the wSter which would occupy the place of the solid, 
if the latter was taken out ; i. e. to a piece of water of the same 
size as the solid. But the support given to this water is enough to 
prevent it from falling through the rest of the liquid (since all parts 
of a liquid at rest are in equilibrium), z. e. is equal to its whole 
weight. Therefore the support given to the solid is equal to the 
whole weight of a piece of water equal to it in size. 

B. By experiment. 

Take a small test-tube, filk it about one-third full of water, and 
make a light scratch with a file at the level of the upper surface of 
the water in the same way as wfien the measuring tube was made, 
p. 49. Take a short thick piece of glass rod, tie a bit of fine cotton 
or silk round it near one end, and immerse it in the water in the 
test-tube. The level of the water will, of couise, lise ; owing to the 
solid displacing some of it. Mark this higher level by a file-scratch, 
as before. Then the water contained in the' tube between the two 
marks will obviously be a volume of water equal in size to the solid. 

Now take out the glass, diy it and hang it to the wire frame of 
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f,he balance inside an empty beaker (just as^f its density was to be 
taken, fig. 5?'). Counterpoise it by some sand in a dish placed 
in the other scale : then fill up the beaker with water until the glass 
is wholly immersed. The glass will appear to lose some weight ; 
the question is, how much ? To find out this, fill the test-tube with 
water up to the higher of the two marks ; then transfer some of this 
water by a pipette to the scale above which the glass is hung, 
until equilibrium is restored. Observe how much water has to be 
taken out of the test-tube to do this ; it is just the volume contained 
between the two marks on the tube. This amount of water you know 
to be equal in size to the glass ; and since it has restored equilibrium 
its weight must be equal to that which the glass appeared to lose. 
Thereforetheweight which the solid appeared to lose when immersed 
in water=the weight of an amount of water equal to it in size. 

EXERCISE 6. 

Solution, Evaporation, and Crystallisation. 

Appaiatua required. — Porcelain mortar and pestle ; scales and weights ; 
Bunsen’s holder ; flask, with flat bottom, about 3 50 o.c. capacity ; glass 
measure, holding 200 c.c. ; .retort-stand ; sand-bath, with sand ; argand, 
or spirit lamp; funnel about 7 cm. m diameter; filters, 14 cm. in 
diameter; beaker; poicelain evaporating dish, 12 cm. in diameter; 
watch-glass; glass rod, washing bottle, filled with (Jistilled water; 
ignition tube (fig. 43, p. 42); sm.-ill gas-bottle; spatiun; cloth; writing- 
paper ; blotting paper. 

Materials. — Alum; sodium sulphate ; quicklime. 

Many salts are more soluble in hot water than in cold water' ; 
and when a hot solution, containing as much of the salt as the 
water can dissolve at that temperature, is allowed to cool, some 
of the salt separates out, often in the regular geometrical fotms 
called ‘ crystals.’ 

1. Crystallisation of alum. ^ 

Put into the mortar some lumps of common alum, and reduce 
them to a coarse powder by first striking them with the 'Resile 

at 0°, at 33°, at roo°. 

100 c.c. of water dissolve 5.22 ; 22 ; 421 gnns. of alum. 

^ 12.0; 322; 244 „ of sodium sulphate. 

Meuce we see that, while sodium sulphale is more soluble in hot than 
ill cold water, its solubility does not increase regularly with the temperature, 
reaching a maximum at 33°, and then slightly decreasing. 
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until they are broken|j|Up into small pieces and "then completing, 
the pulverisation by rubbing these fragments with a cw'cular move- 
ment of the pestle (not unlike the motion used in stirring a liquifi, 
but combined with downward pressure), occasionally shaking 
down to the centre poitions of the salt which adhere to the sides 
of the mortar. When this is done, take two half-sheets of writing- 
paper, turn up two opposite sides of each, so as to form a trough, 
and place one in each scale of the balance; they should then be 
found to counterbalance each other. Into one scale-pan put 
weights amounting to 30 grms., and into the other bring some 
of the powdered alum, using a card or spatula for transferring it. 
Continue to add the salt until the beam turns, then remove any 
excess of the powder little by little, until the beam remains level, 
showing that there is the same weight in each scale. Now take 
out of the scale the paper with the powder in it, and transfer the 
latter to a flask, as shown in fig. 52. 

Place the measure on a level table, and pour distilled water 
into it until the lowest part of the curved surface of the water 
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is ^esn to touch the division which marks 150 c.c. The eye 
should be placed on a level with this division and neither above 
nor below it, or it will be impossible to obtain a correct measure- 
ment. Pour the measured water into the -flask and set^the latter 
on the sand-bath, in which should be placed enough sand to 
form a stratum about half a centimetre in depth. Support the 
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riand-bath on the 'largest ring of the retoit^'stand (taking off tlie 
other rings), 'h.nd place under it the argand burner, the flame of 
which should nearly, but not quite, touch the bottom of the 
sand-bath. 

While the solution of the alum is going on, you may get 
1 ready a filter, or strainer, to separate any particles of dirt which 
may be present in the liquid. Take a circulai piece of filtering 
paper about 14 cm. in diameter, fold it in half, fig. 53, a, and 
then again at right angles to the first fold, fig. 53, h, so that 
the circle is reduced to a quartet -circle consisting of four thick- 
nesses of paper. Open this out, so as to form a conical cavit}', 
fig- 53> £■, having three folds of the paper on one side, and one 
on the other ; and place it in a funnel slightly larger than 
the filter thus folded. The filter should fit the funnel pretty 
accurately, and may require to be opened out a little more, or, 
on the other hand, con ti acted so as to form a more acute cone ; 
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but in all cases caie should be taken not to injure the point, 
which, although it requires most strength, is generally the 
weakest part, since all the creases meet theie. It is, in general, 
tiest to make the cone of a slightly wider angle than the funnel, 
^0 that the filter may fit closely at the upper edge of the funnel 
lather than at the point. The liquid then runs through more 
freely and quickly. r 

Set the funnel in a ring of tlie^retort-sland, and place under 
it a beaker or other vessel- Moisten the whole of the filter with 
tiistilled water, directing a gentle stream, not into the point, hut 
down the thicker part of the side, and allow the water to drain 
off into the beaker. Meanwhile see if the whole of the alum 
has by the aid of the- heat dissolved in the water, and if not, 
f shake the flask to bring flesh portions of the liquid into contact 
with the undissolved poition of the salt. 
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When the salt ha.^ entirely dissolved, take ’away the lamp > 
take the flask out of the hot sand and put in its place the| 
porcelain dish ; turn round the ring holding the funnel, raising 
or lowering it if necessary, until the tube of the funnel just 
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cat first, until the Biter becomes fully saturified with the solution, 
but afterwaftls keeping the filter neatly full. When all the 
/liquid has run through, remove the funnel and filter, and re- 
place the lamp in order to ‘ evaporate ’ the solution : f. e. to di ive 
off the water until only enough is left to retain the salt in 
solution at a temperatuie near the boiling-point. The liquid is 
then said to be ‘saturated ’ at that temperature. To see when 
■ this is the case, dip from time to time a clean glass rod into the 
, solution, place a drop of the liquid on a glass plate or watcli- 
glass and stir it with the rod as it cools. If it deposits minute 
crystals on cooling, the proper point has been reached. Tlie 
lamp should then be removed, and the porcelain dish taken 
carefully from the sand with the fingers (protected by a glove or 
cloth), and deposited in a cupboard or on a folded cloth laid on 
the table. Cover it loosely with a piece of paper supported under- 
neath by a short glass rod or tube laid across the dish, passiirg 
the rod through a slit in the paper, to prevent its rolling off the 
dish. The wholq should now be left quite undisturbed for six 
or eight hours at least, in which time a good crop of crystals 
ought to be formed by tire slow cooling of the solution. 

When the time above indicated has elapsed, pour off the 
remaining- solution, or ‘mother liquor’ as it called, into a 
beaker, holding a glass rod in contact with lire lip ol’ the dislr. 


so that the liquid may run down it and not 
down the outside of the dish. After the last 
have drained away, shake out the 
crystals on a folded sheet of white blotting- 
paper, dry them by pressing them gently and 
repeatedly with fresh pieces of blotting-paper-, 

# and examine their shape. You will probably 
find the greater part of them appear as six- 

sided lumps thus, / \ , while a few regular 
Fig. 55- ' 

four-sided pyramids may be found among 
them. Both these forms are more or less perfect octohedra, 
hg. 66 j fhe four-sided pyramids being easily recognised as 
the upper halves of octohedra, the lower portions of which 
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have not been develc^ed, owing to contact wfth the dish > the-, 
hexagonal plates aie octohedra lying on their sides, 1 the edges of 
which have not grown up to a point, as shown in fig. g5, i. ^ 

[More perfect crystals may be obtained by causing them to form 
in the middle of the liquid, instead of in contact with the bottom of 
the dish. For this purpose the crystals already obtained (one or 
two of the best being reserved for comparison) should be powdered 
and added to the ' mother liquor ’ in 
the beaker, and the latter heated on a 
sand-bath with occasional stirring until 
the whole of the salt is redissolved. A 
piece of lamp-cotton should then be 
tied by its ends to a bit of glass rod or 
tube placed across the mouth of the 
beaker, so as to hang down in the solu- 
tion to about 2 cm. from the bottom, as 
shown in fig. 56. The rough surface 
of this will afford points or ‘ nuclei ’ 
upon which the alum-molecules prefer 
to deposit themselves, and the ciystalscan grow equally on all sides. 
The beaker should be covered with a piece of paper to keep out 
dust, and left undisturbed for a night. If no good, well-defined 
crystals are farmed on the cotton, the process may be repeated with 
' the substitution Tif a fresh piece of cotton. The solution should not 
be left with the crystals for more than a day or so, otherwise 
changes of temperatuie may cause 
the crystals to redissolve and form 
again in a confused mass at the 
bottom.] 

2. Crystallisation of So- 
dimn Sulphate. ^ 

This should be done precisely 
as clirecled above in the case’of 
alum^ 60 grms. of sodium sul- 
phate being weighed out and dis- 
' solved in roo c.c. of water. Good 
groups of crystals are usually 
obtained in the dish, as shown in fig. 67 - 

Notice how entiiely they differ in shape from the crystals of 
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,4lura ; they appear like thin flattened rod;^, being, in fact, four- 
sided pi ismfi belonging to the oblique prismatic (or monochnic) 
si^stem, like those of sulphur described in a later exercise. 

[Other salts suitable for crystallisation are, — Potassium niti'ate 
(30 grms. in 100 c.c. of water), — Potassium chlorate (20 grms. in 
100 c.c. of water), — Hydrogen oxalate (25 grms. in 100 c.c. of 
water), — Copper sulphate (40 grms. in too c.c. of water), — Potassium 
ferrocyanide [35 gims. in too c.c. of water). The different shapes 
of the crystals should be carefully obseivcd, and each should be re- 
ferred to its proper crystal-system, an account of which will be found 
in most text-books. 

3. Water of oryatallisation. 

Tlie crystals of many salts contain a certain proportion of 
water chemically combined with the substance, which seem.s 
essential to its crystalline form. Thus nearly half the weight 
of crystals of alum and more than half the weight of crystals 
of sodium sulphate consist of the elements of water. This water 
is called ‘ water of crystallisation,' and is retained by difteient 
substances with very different degrees of force. Some, such as 
alum, do not part with it until heated to 100° or even higher; 
while others, such as sodium sulphate, give off water at 01 dinary 
tempeiatures in moderately dry air. lu illusTration of these 
facts, — 

(a) Place a small crystal of alum in the bulb of an ignition 
tube (hg. 43, p. 42), and heat it gently, holding the tube with 
crucible longs, in the flame of a Bunsen’s burner. The salt 
will soon melt into a clear liquid, and when heated rather more 
strongly will give off quantities of water, and finally a white 
infusible powdery mass will be left, containing no water of crystal- 
lisation, which is the true 'anhydrous' aluminium-potassium 
sulphate. 

{i) Place a few crystals of sodium sulphate (dried on bl^itfing 
paper) in a small wide-mouthed gas bottle, and put in a small 
lump of quicklime loosely wrapped in blotting-paper, which will 
by its affinity for watar abstract all moisture from the air in the 
bottle. Put in also one or two crystals of alum for comparison, 
and leave the whole for some hours. The crystals of alum will 



1 

EXPERIMENTS WITH CALCTUM HYDRATE 65 

'■I 

remain unaitered for long time, while those of sodium sulphate’’ 
will soon part with their water of crystallisation, becoming (at 
any rate on their surfaces) a white opaque anhydrous powder. 
A salt which does this is called an ‘ efflorescent ’ salt. 

4 . Crystallisation of mixtures of salts. 

When a solution containing several salts which differ greatly 
in solubility is concentrated until crystallisation begins, that salt 
which is least soluble crystallises out first by itself, and can thus 
be obtained fiee fiom the others. In illustration, — 

Mix in a clean porcelain dish the solutions of alum and of 
sodium sulphate which were poured off from the crystals in 
previous experiments, evaporate the mixture for a short time 
only, and leave it to crystallise. The crystals which form may 
easily be recognised as octohedra of alum only, the least soluble 
of the two salts in cold water This method, of partial crystal- 
lisation, is continually employed for the purpose of pmifying 
a crystallisable salt from substances which are more soluble 
than itself. 


EXERCISE 8. 

<% 

Experiments with Calcium Hydrate. 

Apparatus required. — Retort-stand; sand-bath and sand; nrgand, or 
spirit lamp ; Bunsen’s burner ; scales and weights ; porcelain dish, 8 cm. 
in diameter: stoppered bottle, holding about 200 c.c. (a small wide- 
mouthed gas bottle will do); glass lod; two watch-glasses; test-tube, 
about 1-5 cm. in diameter; test-tube stand; litmus and turmeric papers ; 
writing-paper ; cloth ; washing bottle, filled with distilled water ; lumps 
of quicklime. 

1 . Preparation of calcitun hydrate. 

The salts which you have selected for the last experiment are 
not only very soluble in water, but also more soluble in hot than 
in cold water. You may take calcium hydrate as an example of 
a substance which dissolves only in small proportion in cold 
water, and is still less soluble in boiling wgjier. 

^ If the evaporation has been carried on pretty far, portions of both salts 
will separate out, each in its own characteristic crystalline form. 


F 
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Place a small lump or two of good quicklime (a ptsce as large 
as a lump oT sugar will be enough) in a porcelain dish, and pour 
o«'er it four or live drops of distilled water fiom the washing 
bottle. The lime, if it is freshly burnt, will in a very short time 
become very hot and fall to pieces, forming a white impalpable 
powder. The water disappeai s entirely, its elements, hydrogen 
and oxygen, having united with the calcium and oxygen of the 
quicklime to form a single substance, calcium hydrate b 

[If it does not become hot in the course of a minute, the reason is 
that it has absorbed moisture and carbon dioxide by exposure to the 
air. A lump or two may be put into the hottest part of a common 
fire, until it has become thoroughly red-hot, then taken out, covered 
with dry sand and allowed to cool. It must be kept in a well- 
stoppered bottle.] 

2. Solution of calcium hydrate. 

Add more water, in successive small portions, to the mass 
in the basin, until all the lumps of lime have been broken up, 
and the mass is thoroughly moist: then transfer it with the help 
I of a glass rod or spatula to a stoppered bottle holding about 
200 c.c. The last portions may be rinsed in by the aid of a 
stream of water from the jet of the washing bottfc. Fill the bottle 
neatly to the neck with distilled water, and, aftei inserting the 
%• stopper, shake the liquid for a minute or two, then leave it un- 
disturbed for a quarter of an hour. You will notice that the salt 
does not dissolve, like the alum, to a clear fluid (although you 
have added about forty times its weight of water), but that the 
greater part of it subsides to the bottom of the bottle. Leave the 
bottle until the next day, occasionally shaking it thoioughly. 
You will find that even then there is a large quantity of calcium 
hydrate remaining undissolved indeed, you will require some 
positive proof that any of it has been dissolved. ^ 


’ The evolution of heat is due to two causes; — (i) The chemical com- 
binatiou which is taking jplace. It is a good example of the universal law 
that heat-is evolved during chemical combination. (2) The fact that a 
liquid (water) is entering into combination, while a solid (calcium hydrate) 
is the sole product. For in all cases in which a liquid becomes a solid, heat 
is evolved. 
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3. Properties of calcium hydrate. 

Take out the stopper, wipe the inside of the neck of the bottle 
with a clean cloth, and half fill a moderate-sized test-tube with 
, the solution, inclining the bottle very gently so as to avoid dis- 
turbing the sediment. Hold the test-tube up to the light, in 
order to see if there are any solid particles floating in the liquid. 
If such is the case, the liquid may be filtered into another test- 
tube. The following experiments should be tried with the clear 
solution : — 

1. Try whether anything has really dissolved in the water. 
Pour a few drops into a watch-glass ; place the latter upon 

the sand-bath, supported as before on a ring of the retort-stand, 
and evaporate the liquid to dryness, proceeding meanwhile with 
other experiments. For the sake of comparison you may evapo- 
rate in another watch-glass (placed on the same sand-bath) a little 
of the distilled water which you have been using. When all the 
water has been driven off, you will find that in the former case 
a solid white residue is left on the watch-glass, in the latter 
case there is no residue whatever, or at all events a mere trace. 
The occurrence of such a residue is a conclusive proof that 
• something haS haen dissolved by the water. 

2. Taste a drop or two of the liquid. You will find that it is not 
tasteless, like pure water, but has acquired a sharp caustic taste. 

3. Try its action on test-paper. 

Lay strips of blue litmus, reddened litmus, and turmeric paper 
on a white plate, and place on each, with a glass rod, a drop of 
the solution. It will not alter the blue litmus, but will turn the 

reddened litmus blue and the turmeric a brownish red. A sub- 

■* 

stance which does this is said to have an ‘ alkaline reaction.’ 

4. Try the effect of heating the solution. 

Heat gently over a Bunsen’s burner, fig. 58 (next page), 
the test-tube containing the remainder of the solution of calcium 
hydrate. 

■ j [The operation of heating a test-tube in tbe'naked flame ^equiies 
some care, otherwise the tube may crack, or its contents may 
be thrown out, owing to the sudden formation of large bubbles of 
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'’‘‘vapour at the bottom of the tube. Hold^the tube in a slanting 
position, turfiing it round between the fingers and moving it to and 
ffto in the flame, so as to distribute the heat over as large a surface 
as possible. If the tube becomes too hot to be held between the 
fingers, a simple and convenient holder is obtained by folding half 
a sheet of writing-paper into a band about 2 cm. in breadth. This 
should be passed round the tube near its mouth, and held (close to 
the tube) between the forefinger and thumb, as shown in fig. 58 '. 
Remember, moieover, that the test-tube should not, as a rule, 
be more than one-third full, and that no heat must be applied to 
the part of the tube above the level of the liquid ; otherwise, if the 
colder liquid should reach this part, the tube will be almost certain 
to crack. When the liquid has nearly reached the boiling-point, 
remove the tube from the direct flame and hold it at the side or 
above the flame, occasionally shaking it to promote the formation 
of bubbles of vapour.] 



Observe that the liquid, as the temperature rises, becomes 
milky, a solid substance, or ‘precipitate,’ being formed in it. 
This is owing to the fact that calcium hydrate is muClv less 
soluble in hot than in cold water®. A solution, therefore, of 

^ The^'aws of a Bunsen's holder, 6g 3, taken out of the socket, also form 
an excellent holder. 

® 100 c 0. of water dissolve at 15“’, 0-173 grins. | at 100°, 0.0S3 grms. of 
calcium hydrate. 
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calcium hydrate, whic'-a is saturated at the ordinary temperature, -* 
will deposit a portion of the substance, when it is htSited. 

Cork the tube and cool it by immersing the lower portipji 
of it in cold water, shaking it occasionally. The greater part of 
the turbidity will, after some little time, disappear ; the calcium 
hydrate being again dissolved. 

From the above experiments you have learnt that calcium 
hydrate possesses the following properties : — 

1. It is slightly, but only slightly, soluble in water. 

2. It is not volatile, but is left as a solid residue when its 
solution is evaporated. 

3. It has a sharp, burning taste. 

4. It has an alkaline reaction on test-paper. 

5. It is less soluble in hot than in cold water. 

Use of oaloium hydrate as a test. 

[A test means an experiment, or a material for an experiment, by 
which we examine an unknown substance to find out what it is.] 

This solution of calcium hydrate (or ‘lime water,’ as it is often 
called) is chiefly used to detect the presence of caibon dioxide 
(‘carbonic acid’), since when it is biought in contact with this 
gas it becom’es^cloudy, owing to a white insoluble substance, 
calcium carbonate or chalk, being formed. Hence it is called a 
‘ test ’ for carbon dioxide. 

You may illustrate this use of it, and at the same time prove 
that carbon dioxide is present in the breath, by putting a little of 
the solution into a small beaker, and blowing into it for a few 
seconds through the long branch of an elbow tube, when the 
clear liquid will gradually become milky. 

[Pour off the rest of the solution of calcium hydrate into a clean 
bottle holding about 100 c c., inclining the bottle which contains the 
solution very gently, in order to avoid disturbing the solid substance 
at tfie bottom. This operation is called ‘Decantation,’ and will be 
again alluded to in Exercise 9 . Be careful to cease pouring before 
any turbid solution finds its way into the second bottle (if any float- 
ing particles are noticed, J:he whole must be filtered) ; close the 
latter with a good cork or stopper, and, after placing a label on it, 
put it away for use in future experiments.] 



70 


PREimiNARY EXmcRSES. 

f 

EXERCISE 7. 

DistiUation. 

Apparatus retiulred. — Stoppered (or plain) retoit, about aoo c.c In capa- 
city; retort-stand; sand-bath with sand ; aryand, or spiiit lamp ; small 
flask ; porcelain mortar ; Bunsen’s holder ; funnel, to cm. in diameter ; 
beaker; test-tube stand; test-tubes in basket; watch-^rlass ; w'ashing 
bottle with distilled water ; wooden blocks ; blotting-paper ; lamp- 
cotton, or tow. 

Solutions of baruiin chloride, silver nitrate, ammonium oxalate, 
liydiogen nitrate (dilute), amiuoniiiin hydrate, calcium liydrate. 

Distillation is the piocess of converting a volatile liquid into 
vapour, condensing the vapour again into a liquid, and collecting 
the pioduct or ‘distillate.’ 

It is very frequently used in chemical work for separating 
a more volatile from a less volatile substance. For example, 
alcohol may be thus separated fiom water, and watci itself may 
be, as will be seen in the following exercise, separated from 
various impuiities which unfit it foi use in the laboratory. 

An apparatus for distillation consists of three parts ; — 

1. A boiler; for which, in laboratory work, a glass retort is 

generally used. r 

2. A condenser ; for which the long neck of the retort, kept 
cool by being wrapped in paper soaked in cold water, will serve 
sufficiently well '. 

3. A receiver; such as a glass flask. 

Distillation of Water. 

Select a stoppered retort with a long neck ; place it upon the 
sand-bath (containing a little sand), supported upon the largest 
ring of the retort-stand at such £f height as to allow the lamp to 
be placed under it. Put over the tubulure the smallest i;^etort- 
ling, to hold the retort steady in its place. This will be most 
conveniently done if the rod of the retort-stand is placed behind 

the retort, as shown^in fig. 59. Pass the beak of the retort 



^ A preferable form of condenser, known as ‘Liebig’s condenser,’ is 
described in Appendix A. 
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into a cleao flask, placed in a slanting position’ in the porcelain 
mortar, and support the latter on wooden block;?* at such a 
height that there may be a gradual fall from the point at whiqji 
the neck joins the body of the retort to its outer extremity. 

Now fill the retort about half full (not more) of common 
water, using a funnel passed through the tubulure and taking 
care that no water passes down the neck of the retort. 


Fig. 59- 

[If you have to use a plain i’etort, the water must be put in before 
it is arranged in its place. For this purpose, lay a folded cloth 
upon tlie table and place the report upon it, supporting its neck in 
a vertical position by a Bunsen’s holder ; then pass a thistle funnel 
dow’n the neck and pour through this the proper quantity of water.] 

Now light the lamp and put it under the sand-bath. While 
the water is being gradually heated, the arrangement ^for con- 
densing the steam should be set up in the following way. 

Take a piece of blotting-paper about 14 or 15 cm. broad and 
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^ about three-fourths as long as the neck ol the retort ; fold two 
of its adjaaent corneis inwards so as to give the paper the 
fallowing outline (fig. 6o) ; wet it thoroughly, and place it over 
the neck of the retort with the folded corners 
underneath, so that while the narrower part 
of the paper lies upon the broader part of 
the neck, the lower part of the neck may 
be completely enveloped by the paper, the 
two unfolded corners (pressed close together) hanging down 
some way below it. Next, take a stiip of blotting-paper about 
10 cm. in breadth and somewhat shorter than the first strip, 
fold it, in the direction of its length, into the shape of the letter 
Ai a-nd place it like a saddle upon the fiist wrapper. Just 
beyond the lowest end of the folds of paper, twist round the 
neck of the retort a few strands of lamp-cotton or of tow, 
thoroughly wetted, the end of which should hang down to 
or 12 cm. The object of this is to prevent any water which 
may trickle down beyond the paper from passing any farther 
down the neck of the retort and enteiing the receiver’. Under- 
neath the end of this piece of cotton is to be placed a beaker 
or jug to catch the waste water. Diiectly over the uppei 
extremity of the paper-wrapping support in the Uun, sen's holder 
a large funnel, the neck of which has been partially plugget;! 
up by a bit of paper or tow, so that water will only issue 
from it in drops. This should be tried before the funnel is 
arranged in its place, by holding it over a basin or sink, pouring 
in some water, and pushing in or pulling out the plug of tow 
until the drops follow each other not too quickly to be counted. 

After fixing the funnel in the Bunsen’s holder (which should 
have a weight put on the wooden base behind to prevent any 
chance of its toppling over) fifi it with common water, and 
see that the drops fall slowly and regularly from its beaktupon 
the upper end of the blotting-paper, and that the water, after 
saturating the paper, finds its way into the beaker, and not 
into the r eceiver. You will now see the use of the upper strip of 

’ A ring of cork, fitted on the neck of the retort, will do ns well, or 
better. 
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papei ; it serves as a'jchannel to guide the drflps of water and ^ 
to distribute them regularly over the paper-wrapping linderneath. 

The water in the retort will soon begin to boil, and tbf 
steam, passing over into the colder parts of the neck, will be 
re-converted into W'ater which will collect in drops and run 
down into the receiver. When twenty or thirty drops have thus 
distilled over, withdraw the receiver (holding the neck of the 
retort steady with one hand), and pour away the liquid which 
it contains ; since the first portions which come over are liable 
to contain impurities derived from the neck of the retort. When 
the last drop has diained away, replace the receiver in its former 
position and continue the distillation until about three-fourths 
of the water in the retort has passed over, proceeding mean- 
while with the experiments given below. Pour, from time to 
time, some cold water into the large funnel so as to keep it 
nearly full. Be particularly careful to regulate the heat so that 
the water may not boil so violently as to splash over into the 
neck of the retort, and thus be carried down into the receiver. 
If, in spite of care, it boils unsteadily, with ‘ bumping,' owing to 
the sudden formation of large bubbles of steam in contact with 
the more strongly heated portions of the retort, it will be advis- 
able to remove^the lamp, to wait until the temperature of the 
water has sunk a few degrees, and then to introduce into the 
body of the retort a fragment or two of charcoal, or a bit of 
crumpled platinum foil. This will, in consequence of its 
numerous points and edges, mateiially assist the formation of 
smaller bubbles of steam, and when the lamp is replaced the 
boiling will go on more quietly. 

Experiments vwith Common Water. 

Ordinary spring water or river water almost always contains 
such .substances as sodium chloride (common salt), calcium 
sulphate (plaster of Paris), calcium-hydrogen carbonate, &c., 
which it has dissolved from the rocks through which it has passed. 
You may, while the distillation is going oji, try whether any of 
these are present in the water which you are using in the follow- 
ing way: — 
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*; Place four cfean test-tubes in the sta/d, and fill- each about 
one-third fbll of the same kind of water as that which you 
have taken for distillation. 

[In pouring a solution from a bottle into a test-tube, it should be 
a rule never to allow drops of the liquid to run down the side of the 
bottle. Apart from the unsightly appearance of a bottle encrusted 
with crystallised salts, the labels are likely to be obliterated or 
washed off, and shelves and tables will be damaged. These incon- 
veniences may be entirely avoided by the simple method of pouring 
which is illustrated in fig. 6i. The test-tube, into which the liquid 
is to be poured, is held near the lop between the third finger and 
little finger of the left hand. The stopper, grasped by the forefinger 



Fig 6i. 


and thumb of the same hand, is loosened and wetted with the solu- 
tion by slightly inclining the bottle ; it is then taken out, drawn 
across the neck, so as to leave a wet track for the liquid to follow, 
and held against the neck of the bottle, while the test-tube is 
brought directly under it. The stopper then (like the glass rod 
in fig. 54 , p. 6i) forms a proIongatioC or lip down which the liquid 
runs, not a particle finding its \yay down the side of the bottle. 
Besides the greater facility with which drops may be measured out, 
this method has the further advantage, that the stopper istijcver 
out of the hands, and hence there is no danger of the solution 
being contaminated by impurities taken up by the stopper from 
a dirty table.] 

(a) Test for the presence of a Sulphate. 

Add to the contents of one test-tube five or six drops of 
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dilute hydrogen nitjJate (nitric acid), and tlien one drop of ^ 
solution of barium ohloride ; shake the test-tube, '*and hold it 
up to the light. If a white cloudiness or deposit (called a ‘ pre- 
cipitate ’) is produced at once, or in the course of a few minutes, 
it is a proof that the water contains a sulphate. 

(^) Test for the presence of a Chloride. 

Add to the contents of another test-tube live or six drops of 
dilute hydrogen nitrate, and then one drop of solution of 
silver nitrate. If a white cloudiness or ‘ precipitate ' is pro- 
duced, the water contains a chloride. 

(f) Test for the presence of a compound of Calcium. 

Add to the contents of the third test-tube three or four drops 
of solution of ammonium hydrate (ammonia), and then one 
drop of solution of ammonium oxalate. If a white cloudiness 
or precipitate is produced, the v/ater contains a compound of 

CALCIUM k 

{d) Test for the presence of Carbon Dioxide or a 
Carbonate. 

Add to the contents of the remaining test-tube about i c.c. 

(a small tea-spoonful) of solution, of calcium hydrate (lime- 
water). If cloudiness or piecipitate is produced, it is, 

as you have already seen, p. 69, a proof that the water contains 

CARBON DIOXIDE QX a CARBONATE. 

[For experiments on the ‘hardness ’ of water, see under CALCIUM. 

For a test for the presence of organic matter in water, see under 
MANGANESE.] 

Tests of the purity of Distilled Water. 

By this time sufficient distdled water will have collected in the 
receiver to be examined by the same tests, in order to see 
whether the process of distillaflon has freed it from impurities 
(if anj have been found). 

Place four clean test-tubes in the stand, pour into each some 

' If the water which you have used is fresh spring-water, and if, from 
experiment (r), you have discovered that a calcium,salt is present, you will 
probably find that, as the distillation proceeds, the water m the retort 
becomes turbid, and a white deposit is formed. The reason of this will be 
explained in the Exercise on Carbon Dioxide (p. 191). 
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of the distilled ^ater, and repeat expeririients {a), {b), (c), {d). 
The water ^'should give no cloudiness or precipitate in any of 
l^lie above experiments, and if a few drops are poured into a 
clean watch-glass and evaporated to dryness on the sand-bath 
no solid residue should be left ; otherwise it is most likely that 
the water in the retort has boiled too rapidly, and a portion of 
it has splashed over, or has been carried over as spray into the 
receiver. 

Before the water in the retort has wholly evaporated, you 
should stop the distillation by removing the lamp, and with- 
draw the receiver, resting the beak of the retort temporarily 
upon the edge of the mortar. The retort and the rest of the 
apparatus should now be cleaned and put away for future use. 

If there is any deposit in the I'etort which cannot be removed 
by water alone, a few drops of dilute hydrogen chloride (hydro- 
chloric acid) will at once dissolve it 

EXERCISE 8. 

Chemical Action. 

Apparatus required. — Bunsen’s burner; test-tubes in brisket; test-tvrbe 
stand ; cedar spills ; glass rod ; platinum loil ; porfelam dish 5 cm. in ' 
diameter; stoneware gas tiny (No. 26, p. 10); crucible tongs; glas-. 
■mortar ; porcelain mortar ; cliiiia plate. " 

Mereuiy peroxide ; solution of copper sulphate (blue vitriol) ; granulated 
zinc ; dilute hydrogen chloride ; phosphorus ; iodine ; copper filings ; 
clean strip of sheet iron, 15 cm. x i cm.; flowers of sulphur; mercury 
perchlonde (‘ corrosive sublimate ’) ; potassium iodide ; solutions of 
ammonium chloride psal ammoniac’), silver nitrate (‘lunar caustic'), 
mercury perchloride, ammonium carbonate, calcium chloride. 

[For the solutions above-mentioned thf ordinary laboratory test-solutions 
will answer, prepared as directed in Appendix B.] 

ANALYSIS. 

fi ^ 

The first and chief work of the chemist is, to examine the 

' It will be scarcely worth your while to attempt to distil for youiself all 
the water you will requise. You will in all probability be able to obtain it 
at the nearest chemist’s shop at a cost of iti. or jrf. per quart. But the 
watei which you buy should in all cases be examined by the above tests, and 
rejected at once if any impurity is found in it. 
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compositiorw of all kinas of matter. When anything is brought 
under his notice, he tries by various forces to breal? it up into 
two or more substances unlike itself and each other, and tij 
break up these again into others, until at last he has dissected 
things, as it were, into a number of substances which he is 
unable (with his present means) to separate further. These 
simple substances are called ‘Elements,’ and the process of 
separating bodies into their elements is called ‘ Analysis.' 

In the work of analysis several forces are used, and the 
following experiments will illustrate their employment. 

I. Action of Heat. 

Place about 0-5 grm. (as much as will lie on the end of a 
penknife) of the red substance called ‘red oxide of mercury ’ in 
a moderate-sized dry test- 
tube, and heat it strongly 
over a Bunsen’s burner, 
supporting it slanting in a 
Bunsen's holder, as shown 
in fig. 62. The mouth of 
the tube should be -closed 

tt 

’ loosely by a corlC or a cover 
of paper ; and the tube 
should not be held so 
tightly in the holder as to 
prevent its being turned 
slowly and continuously 
round while being heated, 
in order to avoid melting , 
it. The substance will be- 
come darker in colour, and, 
as thftheat approaches red- 
ness, a bright metallic ling 
will be formed in the cool part of the tube. Continue the heat 
until the whole of the red substance has disappeared, then light 
a cedar spill, blow it out, and while its end is still glowing 
plunge it into the tube. It will burst into flame. This property 



Fig. 62. 
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of rekindling a' glowing splinter of woc!d is characteristic of 
oxygen, an^d on trying other experiments we should find that 
the properties of the gas in the tube agree altogether with 
those of the substance which has been called oxygen. Next, 
examine the mirror-like deposit in the tube ; you will see that 
it is a cluster of small liquid globules which, on being touched 
with a glass rod, run together into a larger globule possessing a 
bright metallic lustre and considerable weight. These properties, 
together with others which you would discover on further ex- 
amination of the deposit, coincide with the properties of the 
substance called mercury. Moreover, if we weigh {a) the red 
substance before heating it in the tube, {b) the gas evolved, 
and (c) the metal deposited, we should find that the weight of 
the original substance was equal to the sum of the weights 
of the gas and of the metal obtained from it. 

Further, on making other experiments with the gas and the 
metal, we should find it impossible, with our present means, to 
break them, up into simpler forms of matter, 

Our infeience, then, is that the red substance is composed of 
the element oxygen and the element mercury. In what state 
these substances exist in the compound we cannot say ; all 
that we know is, that they, and they only, c^tn be obtained 
from it. 

Especial notice -should be taken of the difference between 
the physical action of such a force as heat, and the chemical 
action of the same force. 

When heat was communicated to the red mercury oxide, the 
substance changed its size, becoming larger than before : and 
on further heating it became altered in its power of reflecting 
rays of light : in other words, it changed its colour. But these 
were only temporary changes : when the heat was withdrawn 
the substance recovered its former size and its former cfllpur. 
Such an action is a physical one only. 

But when the communication of heat was carried further, a 
change of a totally different character took place ; the original 
red powder disappeared, and two totally different substances 
appeared, — a colourless gas, and the vapour of a brilliant metal. 
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Fulther, on •withdrawing the heat, the original' red substance 
was not again obtained. 

We have here, in fact, a permanent change, and this is, 
characteristic of a chemical action. 

[Keep the tube with the deposit of mercury for another experi- 
ment, p. 82.] 

II. Action of Electricity. 

Lay a piece of platinum foil (the strip used for blowpipe 
experiments. No. 18, p. 8) in a porcelain dish, and pour upon it 
about 20 c.c. of solution of copper sulphate (blue vitriol). The 
surface of the platinum foil will be quite unaltered ; but if a bit 
of zinc is dropped into the solution and pressed closely into 
contact with the platinum, a coating of a red metal, which can 
be no other than copper, will be in the course of a few seconds 
deposited upon the platinum ; as will be seen if the piece of foil 
is taken out of the liquid 

The reason is, that an electric current has been set up by 
the contact of the zinc and the platinum ; and this, in passing 
thiough the solution, has separated the copper from its com- 
bination with sulphur and oxygen. The metal is thrown down 
on the platinunf : the sulphur and oxygen are liberated at the 
bijrface of the zinc, with which they combine. 

[After taking out the platinum foil ”, leave the zinc in the solution 
of copper sulphate until the next experiment has been performed.] 

III. Action of Chemical Affinity. 

This is, perhaps, more generally used than any other: the 
principle being to overcome; the attraction between two ele- 
ments, A and B, which, form a compound, by acting upon 
the compound with some substance, C, between which and A 
there^js a stronger affinity than there is between A and B. 

^ The deposit will scarcely be seen before this is done ; since the blue 
liquid absorbs neaily all the red rays, which are the only ones the copper 
can reflect. „ 

“ The platinum may be cleaned from the film of copper by ponifng on it 
a few drops of strong hydrogen nitrate, which will dissolve the copper. It 
should then he washed thoroughly with water. 
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Then the compound is broken up, qr ‘ analysed,’ A combining 
with C, wl\ile -5 (if it has itself no tendency to combine with 
(C) is left free and uncombined. 

(a) Put about lo c.c. of dilute hydrogen chloride (hydro- 
chloric acid) into a test-tube suppoited vertically in a Bunsen’s 
holder, drop in a piece of zinc, and cover the mouth of the tube 
with a bit of paper or card. An effervescence will begin at the 
surface of the zinc, and a gas will be given off which will catch 
file when a lighted match is introduced into the tube, and may 
be proved to have all the other properties of hydrogen. 

The reason is this ; — hydrogen chloride is composed of two 
elements, hydrogen and chlorine; chlorine has a greater 
affinity for zinc than it has for hydrogen ; therefore it leaves the 
hydrogen and combines with the zinc, while the hydrogen 
(having itself no affinity for zinc) is liberated as gas. 

If you leave the liquid until all action is over, and then, after 
filtering it from any undissolved particles, put it into a poicelain 
dish and evaporate it to dryness, you will obtain a white 
residue which is the compound of zinc with chlorine (zinc 
chloride). 

(3) Examine the zinc which was left in the solution of copper 
sulphate used in the previous experiment on the action of 
electricity. It will be found to be covered with a daik powde^iy 
deposit of metallic copper. The zinc has, in fact, decomposed 
the copper sulphate, combining with the sulphur and oxygen to 
form zinc sulphate, and displacing the copper, which is de- 
posited in the metallic state. 

The above are examples of a very common form of chemical 
action called ‘ Substitution,’ or ‘ Replacement.' 

B. SYNTHESIS. 

n ^ 

Having obtained these simple substances or elements, the 
chemist proceeds to examine the way in which they combine 
with each other to^ form compounds, and the action which 
these compounds have on one another to produce other com- 
pounds. 
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This ^process of forming compounds is called ' Synthesis,’ 
and depends upon the chemical affinity or attraction between 
particular substances which has been illustrated in the two las? 
experiments. This affinity is by no means universal : we may 
intimately mix some substances together and yet they will 
remain simply mixed, without giving any proofs of a tendency 
to combine. 

The following characteristics enable us to- distinguish between 
a mere mixture and a true chemical compound. 

If, on putting two things together, we find, 

1. that heat is given off, 

2. that there is a sudden change in appearance, more or 

less complete, 

3. that the two substances originally taken disappear 

permanently, and can no longer be distinguished as 
lying side by side in the mixture, while the resulting 
product is to all appearance a single substance, alike 
in every part, 

then we may be sure that chemical action has taken place, and 
that a true chemical compound has been formed by the union 
of the elements. 




Examples. 


A. Action of Elements on one another. 


1, CombinatiorL of Phosphorus with Iodine. 

[In all experiments where phosphorus is made use of, great care 
must be taken to prevent its catching fire. It must never be allowed 
to remain for more than a few seconds out of water, and should 
always, if possible, be held with the crucible tongs, not with the fingers. 
A jug of water should always'be within reach to extinguish it in 
case it should accidentally Inflarap, as may happen in a hot room. 
All residues from experiments in which phosphorus has been used 
shouljlabe kept under water until they can be thrown away, out of 
doors.] 

Take a piece of phosphorus out of the bottle with a pair of 
crucible tongs, and place it in a gas tray (or small dish) filled 
with water. Cut off a small piece, not larger than half a pea, 
dry it carefully by pressing it gently between folds of blotting- 


G 



82 


PREtiMINARY EXERq^SES. 

I 

paper, and put it on a plate. Then place in contact with it one 
Or two crj^stals of iodine. The two substances have so strong 
an affinity for each other that they will almost immediately com- 
bine ; so much heat will be given off as to cause inflammation 
of the mass, and a scarlet compound (called ‘ phosphorus 
iodide ’) will be formed, totally unlike either of the elements, 
and in which it would be impossible to distinguish the separate 
particles of iodine and phosphorus, even by a poweiful micro- 
scope. 

[As soon as the experiment is concluded, cover the residue in 
the plate with water until it can be thrown away, preferably on 
ashes or earth out of doors.] 

a. Combination of Mercury with Iodine. 

The affinity between these substances is hardly strong enough 
to enable them to combine when merely placed in contact. But 
heat (the same force, be it obseived, that you have already used 
to decompose compounds) will readily cause combination to 
take place between them. 

Take the tube containing the deposit of mercury which was 
obtained in a former expeiiment, p. 79, p.ut into it one or two 
crystals of iodine, and heat gently first the dijjrdsit of mercury 
on the sides, and then the iodine at the bottom of the tube. 
The iodine will volatilise as a splendid pin pie vapour and mil 
combine with the meicury(with a ciackling sound due to the 
sudden evolution of heat), forming a bright scarlet substance 
called ‘ mercury iodide,’ which is often used as a paint. 

3. Combination, of Copper witb Sulphur. 

In this case a much stronger heat is necessary to cause com- 
bination. 

Weigh out, on paper, i grm. of copper filings and O'g grm. of 
sulphur ; mix them together in a mortar and put the mixtftr.p into 
a moderate-sized test-tube. No combination takes place at once, 
as in the first experiment, and it is easy to distinguish the red 
partic)ps of copper and the yellow particles of sulphur lying 
side by side in the mixture. 

Now heat the tube over a Bunsen’s burner; the sulphur will 
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melt and gst darker, but nothing further will 'happen until it '* 
begins to boil, when the mixture will suddenly glclV brightly. 
Take the tube away from the lamp and observe that the glow 
continues, showing that heat is being evolved. Combination 
has, in fact, taken place ; and after allowing the contents of the 
tube to cool, you will find that the sulphur and the copper have 
both disappeared, and a black substance (copper sulphide) is 
formed, which is composed of the two elements, but is wholly 
unlike them in appearance and properties. Detach a little of 
it from the tube, and prove its brittleness (unlike copper) by 
powdering it in the mortar. 

It is to be noticed that the weights you have taken represent 
almost exactly one of the two proportions in which alone 
copper and sulphur will combine. The exact proportion is 
63-5 parts by weight of copper and 32 parts by weight of 
sulphur. Another compound is known containing 127 (or 
twice 63'5) paits of copper to 32 parts of sulphur; but if you 
take weights of the substances in any other proportions, the 
excess of one or the other will remain uncombined. 

This is an important characteristic of chemical combination ; 
you may mtx, substances in any proportion whatever, but they 
will only conihim in a few definite proportions. 

B. Action of Compounds on one another. 

This may take place in more than one way. 

1. The compound substances may combine with each other 
just as if they were elements. 

A good example of this is afforded by the action of water 
upon quicklime (p. 66). T):e calcium oxide (quicklime) and 
the hydrogen oxide (water) combined to foim the single sub- 
stance calcium hydrate, while considerable heat was evolved. 

2. J'hey may undergo what is called ‘double decom- 
position’ ; i.e., they may decompose each other and exchange 
the elements (or groups of elements) which they contain. 

This ‘double decomposition’ is a very common form of 
chemical action, and the following examples of it should be 
carefully studied. 


G a 
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EXAlifPLES OE DOUBLE DECOMPOSITION. 


n 1. Action between Potassium Iodide and Mercury 
PercMoride. 

Weigh out 2 grms. of potassium iodide, and 3 grms.^ of 
mercury perchloride ; mix them together in a porcelain mortar, 
and grind them to powder. 

As the grinding goes on, and the particles of the salts are 
brought closely into contact with each other, chemical action 
begins and the white mixture turns scailet. 

What has happened is this; — the potassium and mercury 
have changed places, the potassium combining with the 
chlorine and the mercuiy with the iodine ; the latter compound 
forms a bright scarlet substance (mercury iodide) ; the same, 
in fact, which you formed in a recent experiment by direct 
synthesis. 

The change may be conveniently represented thus : — 

Before Decomposition. After Decomposition. 


Substances taken. Composition. 


Substances obtained. 


Mercury 
perchloride, 
271 parts. 

Potassium 
iodide, 
33a parts. 


Chlorine, 

71 parts 

, , Potassium 

'r chloride. 

Mercury, 

200 parts 

149 parts. 

Potassium, 

78 parts-^^^ 

Mercury 
[ iodide. 

Iodine, 

254 paits 

454 parts. 


Observe that we have here an example of both analysis and 
synthesis : some compounds being broken up, and others 
formed. » 

[Set aside the mixture in the mortar fo-r use in the next Exercise.! 

r ■* 

2 . Actibn between Ammonium Chloride and Silver 
Nitrate. 

The above examples have been selected to show the action 


^ Th^ weights do not, as will be readily seen, represent the true pro- 
portions in which the substances act on each other. It is, however, found 
best to take a decided excess of the mercury salt; particularly for the 
purposes of the next exercise. 
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which occurs between elements whether isolated or in combination. 
But it is very often the case that groups of element s^sks. part in 
a chemical action and are ti'ansfen-ed from one compound tv 
another just as if they were single elements. Such closely associated 
groups, as well as the elements themselves, are called ‘ radicles,’ 
as being the common root (radicula) oi basis of a series of com- 
pounds. 

Thus we find that the class of substances called ‘ nitrates ’ 
all contain nitrogen and oxygen associated in the proportion of 14 
parts by weight of nitrogen to 48 parts by weight of oxygen. This 
group is called the ‘ nitrate ’ radicle. 

Similarly the substances called ‘ AMMONIUM salts ’ all contain 
nitrogen and hydrogen associated in the proportion of 14 parts of 
nitrogen to 4 parts of hydrogen. This group of elements is called 
the ‘ammonium’ radicle; and the elements thus connected may 
be transferred from one compound to another, apparently -vvithout 
losing their hold on one another. 

The compounds formed by the union of two or more radicles, one 
being moie electro-positive than the other {i.e, separated by 
electricity at the negative pole of a battery), ai-e called ‘ Salts ’ in 
the most general sense of the term. 

Place in a test-tube g c.c. of solution of ammonium chloride 
(the 01 dinary,- laboratory solution), and add to it a few drops 
of solution of silver nitrate. A white substance insoluble in 
the liquid will appear, and on being shaken up will collect 
together in flakes and fall to the bottom, forming what is 
called a ‘ precipitate.’ 

The action which has taken place may be thus repre- 
sented ; — 

Before Deco.nposition. 

% 

Substances taken. Composition. 

Silver ; /Nitrogen, 14 parts') 

niUate, < VOxygen, 48 parts/ 

1 75 parts. * Silver, 108 parts 

Ammonium 1 /Nitrogen, T4 parts') 1 Silver 

chloride, | VHydrogen, 4 parts/' , > chlo'ride, 

63.5 paits. ( Chlorine, 35.5 parts — ) I43.jparts. 

Thus the compound radicles Ammonium and Nitrate com- 


Aftei Decomposition. 


Substances obtained. 


\ Aramouinm 
> nitrate, 

' ' 80 parts. 
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bine, formjng a salt (ammonium nitrate), which i's soluble in 
water, and therefore remains in the liquid ; while the two 
Simple radicles or elements Silver and Chlorine combine, 
forming an insoluble salt (silver chloride) which is precipitated 
as a white powder. 

[If this is left in the light you will observe that it becomes darker 
in colour. This is a good example of the action of another Force, 
viz., Light, in analysis; it has separated chloiinc from the silvei, 
leaving the latter either as subchloride or as metallic silver, forming 
a dark powder. 

The whole art of Photography depends on this or similar chemical 
actions of light.] 


Definitions. 

The following definitions of terms illustrated in the fore- 
going experiments should be carefully remembeied. 

1. An element is a substance which has not, as yet, 

been separated into parts unlike itself and unlike each 
other. 

2. A compound, is a substance of definite composition 

which has been separated into Iwo oumore distinct 
elements. 

3. A radicle is an element or a group of elements which 

can be transferred as a whole from one chemical 
combination to another. 

4. A salt is a single substance produced by the com- 

bination of two or more ladicles. 

These radicles have, in many cases, not yet been isolated. 
No one, for example, has ever sesn the ammonium i-adicle or 
the nitrate radicle. We can transfer 'them from one compound 
to another, but we have not been able to arrest them in their 
passage. They are like groups of figures in a money atfoount, 
which have a definite value and may be transferred from the 
debtor to the creditor side without being actually exhibited in 
cash. <.The elements or ‘simple radicles’ may possibly be 
themselves compound, but even if their compound nature is 
discovered they will not cease to be radicles. 
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We may, then, define Chemistry to be ’ 

The study of the composition and properties of 
radicles, and of the ways in which they act on eaclt, 
other to produce substances permanently differing from 
themselves. 

By doing so we shall have a description of the science which 
is independent of any possible modification of the atomic 
theory, and of any discovery of the compound nature of the 
so-called elements. 

Additional Experiments. 

Illustrations of the differenoe in the afftnity of radioles for 
one another. 

Two examples of this have already been given in the experiments 
on analysis by chemical affinity. Zinc was shown to displace hy- 
drogen from its combination with chlorine, and also to displace 
copper from copper sulphate ; proving that the affinity of zinc for 
the chlorine radicle and the sulphate radicle is greater than the 
affinity between these radicles and hydrogen^. Similarly, other 
metals vary greatly in their affinities, and thus we are able to effect 
a regular series of replacements, as in the following example. 

Replaoement of copper by iron, mercury by copper, and 
silver by mercury. 

1. Pour into a test-tube about S c.c. of solution of copper sulphate, 
and dip into it a strip of sheet-iron thoroughly cleaned with emery 
paper. The iron will soon be covered with a red film of metallic 
copper ; the reason being that there is more affinity between iron 
and the sulphate radicle than between copper and that radicle. 
Hence the iron replaces the copper, iron sulphate being fonned and 
copper separated in the metallic state. 

2. Take out the iron, wash’it with water from all traces of the 
solution, and put the copper-coativl portion into a test-tube contain- 
ing about 5 c.c. of solution of mercury perchloride. The copper will 
at o)»«e become coated with a bright metallic film of mercury (best 

^ Hydrogen is, in fact, more easily replaced than any other metal, and 
hence the salts formed by hydrogen with an electro-negative radicle, which 
constitute the so-called acids, for example, hydrogen chloride (‘ hydrochloric 
acid’) and hydrogen sulphate (‘sulphuric acid’), are constantly'' used to 
obtain other salts by the replacement of their hydrogen; as in the above 
instances, where zinc chloride and zinc sulphate were fonned. 
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seen after rubbirfg the deposit with a cloth). Here the- copper, from 
its strong cafBnity for chlorine, has displaced meicury copper 
chloride being formed, and mercury separated. 

3. Take the strip now coated with mercury, wash it with water 
and place upon it a drop of solution of silver nitrate, taken out of 
the bottle with a glass rod. A black deposit of metallic silver will 
be formed The reason is that mercury, from its stronger affinity 
for the nitrate radicle, displaces the silver, mercury nitrate being 
formed and silver deposited. 

[Another good example of replacement is given under lead (the 
‘lead tree’).] 

Influence of solubility, temperature, &a., on the action of 
ohemioal afilnity. 

It must not be supposed that the force of chemical affinity always 
acts in the same direction to form compounds. Much depends on 
the conditions under which it is allowed to act ; the general rule 
being that a compound which, from its properties of insolubility, 
volatility, &c., is most disposed (under the conditions of the experi- 
ment) to separate from the rest, is formed, to the exclusion of others. 
The following examples will show what is meant. 

Action between the radicles CAIjCItTlu;, AMMONIUM, 

CHLORIDE, CAREOIfATE, under diflerent^oonditions. 

1. Put 5 c.c. of solution of calcium chloride into a small porcelain 
dish, add an equal volume of solution of ammonium carljonate'i*, 
and stir with a glass rod. A white precipitate, consisting of cal- 
cium carbonate, will be formed in such quantity that the mass will 
nearly become solid. 

The reason is that, of the four radicles present, calcium and the 
carbonate radicle form a compound which (of all the possible 
combinations) is least soluble in water ; and this is accordingly 
produced, while the ammonium radicle combines with chlorine to 
form ammonium chloride, which pemaiite in solution. 

[Express this reaction in your note-book in the form of a diagram, like 
those on pp. 84, 85.] 


* The reason why the deposit has not the usual bright lustre of silver is 
that the particles, when thus thrown down, are so extremely small that they 
cannot reflect light (see,also under silver). 

“ Thk quantity will, if the solutions are made of the strength directed in 
Appendix B, be more than sufficient to decompose all the calcium chloride : 
so that no soluble compound of calcuun will remain in the mixture. 
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2. Now let us take the same four radicles and make them act 
under different conditions. Instead of taliing them ifl^solution at 
the usual temperature, let us bring them into contact in the solid 
state and at a high temperature. 

Place the dish, containing the mixture of salts just obtained, on a 
sand-bath and evaporate the whole to dryness, stindng constantly 
to prevent portions of the solid being blown out of the dish by the 
formation of bubbles of steam below them. Then place the dish 
on a piece of wire gauze over an argand burner and heat the 
residue rather strongly. White fumes will soon appear which 
consist chiefly of ammonium carbonate, while a non-volatile 
residue will remain in the dish, which is found to consist (in 
great part, at any rate) of a salt of calcium soluble in water, viz. 
calcium chloride. 

The fact is that, out of all the possible combinations of the four 
radicles present, ammonium carbonate is the most readily volatilised 
by heat. This compound is theiefore formed, and the radicles, 
calcium and chlorine, combine to fonn the non-volatile residue. 
Observe, then, that by altering the conditions of chemical action 
we have just reveised the character of the chemical change, and re- 
formed the substances (calcium chloride and ammonium carbonate) 
with which we commenced. 

[The presence of calcium chloride in the residue may be proved by 
mixing it with a h'tle water, stirring the whole together, filtering it into a 
test-tube, and adding some solution of ammonium caibonate to the clear 
liquid. A white cloudiness will be formed, showing the presence, m the 
solution, of a compound of calcium soluble in water. If the residue had 
consisted of calcium carbonate, none of it would have been dissolved.] 


EXEBCISE 0. 

Methods of washing Precipitates. 

Apparatus required. — Porcelain martar containing the mixture of mercury 
iodide and potassium chloride obtained in Experiment i, p. 84 ; beaker ; 
W4|iing bottle with distilled water; funnel 8 cm. in diameter; filters 
14 cm. in diameter ; flask about 250 c.c. capacity ; test-tubes and stand ; 
glass rod ; evaporating dish ; solution of silver nitrate. 

You obtained in the last Exercise (p, 84) a mixture of 
mercury iodide and potassium chloride. Since these sub- 
stances are only mechanically mixed and not chemically 
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combined, and since one of them (potassium chlopide) is very 
soluble in'^ water, while the other (mercury iodide) is quite 
insoluble, the two salts can be readily and completely sepa- 
rated by adding water to the mixture in sufficient quantity to 
dissolve the potassium chloiide, and then washing away by 
several changes of water all the solution from the insoluble 
residue of mercury iodide. 

1. Washing a Precipitate by Decantation. 

Add 50 c.c. of distilled water to the mixture in the mortar, 
and grind the whole with the pestle ; then pour the contents 



of the mortar into a beaker, rinsing out the last portions with 
a jet of watei fiom the washing bottle. Leave it undisturbed 
for a few minutes that the precigitale aia}' subside. 

Meanwhile, fit a filter about 14 cm. in diameter, folded as 
already directed (p. 60) into a funnel about 7 or 8 orp. in 
diameter, taking care that the filter fits the funnel closely and 
does not pioject beyond its rim. Wet the filter with distilled 
water and allow it to drain for a few moments ; then support 
the funnel in the neck of an empty flask (fig. 63), and pour the 
hljuid from the beaker down the side of the filter, using a glass 
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rod to direct" the stream, and taking care not to distui^ the pre- 
cipitate more than you can help. When the greater part of 
the liquid has been poured off, fill up the beaker again abou? 
two-thirds full of distilled water, stir up the precipitate with 
a glass rod^, and leave it to subside (proceeding, meanwhile, 
with other work, such as the experiments with the mouth blow- 
pipe, given in the next Exercise). When the liquid above the 
precipitate is tolerably clear, pour it off again into the filter, 
still retaining the bulk of the precipitate in the beaker. Repeat 
this operation of filling the beaker with water, allowing the 
precipitate to subside, and then pouring off the clear liquid, 
two or three times. This process is called ‘ washing by 
decantation,’ and is especially adapted for cases where we 
have a powdery, quickly-subsiding precipitate. Finally, after 
pouring off most of the water, transfer the whole of the pre- 
cipitate to the filter by stirring it up with a little water, pouring 
it quickly into the filter, and again rinsing the beaker with 
more water. What has passed through the filter (technically 
called the 'filtrate') is, of course, a solution of potassium 
chloride, and need not be preserved. 

It may happen that the first portions of the liquid which run 
through the filter are turbid. If this is the case, they should bo 
poured back into the filter, another flask or beaker being placed 
to catch the fluid. If however the filtrate is still turbid, there is 
reason to suspect that there is a hole in the filter itself. In such a 
case it will be best to return the precipitate to the flask by making 
a large hole through the point of the filter, by means of a glass rod 
pressed vertically downwards, and washing down the precipitate by 
a strong stream of water from the washing bottle. Another filter 
should then be fitted to the funnel, and the precipitate transferred 
to it as before. •• 

2 . ^Washing a Precipitate on a Filter. 

The washing of the precipitate must now be completed 
on the filter, in order to free it from all traces of the 

‘ It will be found an advantage to fit upon the end of the glass rod a 
short ferule of india-rubber tubing, to avoid scratching or breaking the 
beaker while stirring. 
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solution of potassium chloride. This is done by pourmg over 
it a gentle stream of water from the jet of the washing bottle, 
Tintil the funnel is nearly, but not quite, full; the level of the 
water being on no account allowed to rise above the edge of 
the filler. When the washing water has entirely run through 
the filter (and not before), you may pour on a fresh supply, 
taking care to direct the stream on the sides of the filter, so as 
to wash the precipitate down towards the lowest point. 

The precipitate must be washed in this way with several 
successive changes of water; in fact, until no potassium 
chloride can be detected in the filtrate. The presence of 
a chloride in a solution may be detected, as we have already 
seen (p. 75), by adding solution of silver nitrate, which gives 
a white precipitate. The filtiate should therefore be tested 
from time to time by allowing a little of it to run diiect from 
the funnel into a test-tube and adding a diop of solution of 
silver nitrate. The cloudiness produced will get less and less 
on successive trials, and finally the filtiate will remain quite 
clear on addition of the test. When this is the case the mercury 
iodide may be considered sulFiciently washed, and the funnel 
may be covered with a piece of paper turned do\vn at the sides 
so as to form a cap, and put to diy (resting on its side in an 
evaporating dish) in a warm place. When dry, the mercury 
iodide may be detached from the filter, shaken into a short test- 
tube or small bottle, and kept (duly labelled) for use in 
a future exercise (see under Mercury). 

[Meanwhile it may be noticed that this substance when mixed 
with gum forms a splendid scarlet paint, the only drawback of 
which is its want of permanency. In illustration of this latter fact, 
the filter with the remains of the precipitate adhering to it, may be 
spread out flat on a piece of wire gauze and be heated gently over 
a lamp (care being taken not to breathe the vapour). The stnrlet 
substance will be found to turn yellow, and at a slightly higher 
temperature, to volatilise. If the yellow residue is rubbed with 
a glass rod it will turp scarlet again.] 
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EXERCISE 10. 

The Use of the Mouth Blowpipe. 

Apparatus required. — Mouth blowpipe ; blowpipe-burner on stand, fig. 6, 
p. 6 ; piece of platinum wire; piece of platinum foil; two or three 
pieces of charcoal; small glass mortar; watch-glasses; crucible tongs; 
test-tube; knife. 

Sodium diborate (‘borax’) ; sodium carbonate ; potassium cyanide ; strontium 
nitrate ; solution of cobalt nitrate ; manganese dioxide ; tin dioxide ; 
strong hydrogen chloride. 

The mouth blowpipe consists, in its simplest form, of a 
tapering tube, usually bent near its smaller end to a right angle, 
and terminating in a fine jet. But as the moisture of the 



breath soon collects in the tube and interrupts the flow of air, 
a much superior form of blowpipe is that which was introduced 
by Dr. Black, and which is represented in fig. 64. 

All moisture is condensed in the wider part of the tube, while 
the movable nozzle can be readily unscrewed and cleaned out, 
if it should become stopped up by soot or oxide. Before the 
instrument is used, the nozzlp should be carefully examined to 
see that the aperture is clear, round, and not very 
large, otherwise the cone of flame will be ragged, 
irregj^Jar, and brush-like. 

The best fuel to be used with the blowpipe is un- 
doubledly ordinary coal-gas, where it can be obtained. 

The most efficient form of burner is that represented by fig. 65. 
It consists merely of a short piece of brass tube about i^cm. in 
diameter, flattened out at one extremity until its edges form 
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a narrow rectangular aperture about 0-5 mm. bioacj, inclined at 
an angle 70° to the axis of the tube. 

a [If gas is not available, an oil lamp, a tallow lamp, or a spirit 
lamp fed with a mixture of ten paits spirit of wine and one part 
turpentine, may be used ; or finally, but not preferably, a wax 
candle. The lamp should have a flat wick, which just before use 
must be carefully trimmed smooth and divided along the middle 
with the trimming scissors, so as to leave a furrow along which, 
and about 2 mm. above it, the blast of air from the blowpipe 
must be directed.] ' 

Screw this burner into the same iion foot (fig. 6, p. 6) 
which serves as the base of the argand burner, and light the 
gas so as to get a flame about 5 cm. in height (about the size 
of an ordinary candle-flame). If the flame wavers, owing to 
diaughts in the room, a screen of some kind must be arranged 
to protect it. Next examine the blowpipe-jet, and clean it out, 
if necessary, with a needle, until it deflects the flame into a 
steady pointed cone. Arrange the lamp at such a height that 
the hand which holds the substance in tire flame may rest 
steadily on the table, while the other hand holding the blowpipe 
may also be fiimly supported cither on some part of the stand 
of the lamp itself or on a wooden block placed dose to it. The 
blast of air should be diiected obliquely downwards, parallel, 
in fact, with the orifice of the burner. The annexed figure 
(fig. 66, opposite page) will serve to make the position clear. 

The fir.st thing to be learnt in the use of the blowpipe is the 
method of keeping up a regular, continuous blast of air for 
several minutes without interrupting the ordinary piocess of 
respiration. This is by no means difficult. In the ordinaiy 
double organ bellows, we can distinguish two essential parts ; 
{a) the lower compartment or feeder,' which by its alternate 
expansion and contraction supplies air intermittently ; and {b) 
the upper compaitment or ‘reservoii,’ which receives and stores 
up the air thrown in by the feeder, and sends it out in a con- 
tinuous stream at a_. unifoim pressure to the pipes. When the 
blowpipe is properly used, the lungs and the mouth are acting 
respectively as the feeder and the reservoir of the bellows ; the 
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muscles of .the cheeks acting as the weights ’placed on the 
reservoir to secure a constant pressure on the gas ; tSe tongue, 
slightly drawn back and applied to the roof of the mouth, 
representing the valve between the feeder and the reservoir ; 
and the nostrils representing the aperture through which air 
enters the feeder. 

These analogies being borne in mind, the following genet al 



Tig. 66. 


directions will, it is hoped, be sufficient to guide the student in 
learning the use of the blowpipe ; a few minutes’ pi actice being 
of more value than a prolonged desciiption. 

Begin by distending the cheeks with air from the lungs ; 
keep them thus distended while you breathe freely through the 
nose. In doing this you will have unconsciously placed the 
tongue in the position it should occupy as a valve between the 
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mouth and the lungs. Now inseit the blowpipe -between the 
lips, and ^xpel the air from the mouth through the jet by com- 
pressing the muscles of the cheeks. When the stock of air 
in the mouth is nearly, but not quite, exhausted, introduce 
a fresh supply of air direct from the lungs, interrupting the 
ordinary respiration for a moment only, and slightly relaxing 
the muscles of the cheeks, so that they again become distended 
with air. 

A difficulty will probably be found at first in keeping the 
pressure constant just at the moment at wliich air is thus 
thrown into the mouth from the lungs. A very little practice, 
however, will enable you almost unconsciously so to balance 
the action of the muscles of the chest and cheeks, that the 
latter yield exactly in proportion as the former impel air into 
the mouth, and thus no variation is perceptible in the blast of 
air from the jet. 

When, after one or two trials, you find that you can pioduce 
a fairly uniform stream of air for a minute or so, you may bring 
the jet into the lamp-flame (which should be about as large as 
the flame of an ordinary candle) in the position above de- 
scribed, and use the blast of air to deflect the flame. The 
appearance of the latter (see fig. 67, p. 97)"will sufficiently 
indicate the regularity and pressure of the stream of air. It 
should appear as a well-defined cone of blue light, burning 
noiselessly, suriounded by a faint nebulous yellowish envelope, 
which reaches for some distance beyond the apex of the cone. 
If it flickers, and burns with a roaring noise, either the jet is not 
introduced sufficiently far into the flame, or the aperture is too 
large, or the pressure of air too., great. If it is irregular in 
outline, the aperture of the jet is mot round, and must be 
cleaned out and rounded by introducing a large needle; or, if 
you are using a lamp with a wick, the latter may iV3,t be 
evenly trimmed, the projecting filament breaking the current 
of air. If the flame appears as a luminous tongue, either 
the apertute of the- jet is too small, or the stream of air is 
'not propelled with sufficient force; or, finally, the flame itself 
is too large. 
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, ' The Struotiire of Flame. .y 

Let us consider what is going on in the flame of a candle^ 
or of gas burning at a jet, surrounded by air. 

The wax-vapour as it rises from the wick, or the gas as it 
issues from the jet, mixes with the air; and when the tem- 
perature is sufficiently raised (by applying a burning match, for 
instance), tire compounds of hydrogen with carbon, called 
‘hydrocarbons,’ of which wax and coal-gas are chiefly com- 
posed, unite with the oxygen of the air, producing so much 
heat as to make them glow with that appearance which we call 
‘ Flame.’ 

It is clear that the relative proportions of these hydrocarbons 
and air will be very different in different parts of the flame. 




(a) Close to the jet, or the wick {a, fig. 67) the gas or wax- 

vapour will be in excess, since very little oxygen can reach this 
part, as will be presently seen. In this central portion, then, 
there can be no light-giving flame, but simply gaseous hydro- 
carbons strongly heated by ‘contact with the hotter regions 
outside them. - , 

(b) Farther off there will be a region (b, fig. 67) where the 
hydrqparbons and air are mixing in the proportions in which 
they wiU combine to form water and carbon dioxide, and here 
is the hottest part of the flame, because chemical combination 
is going on most fully and rapidly. It 'is also the .most 
luminous part, since (as explained in reference to the Bunsen's 
burner, p. 4) oxygen is not supplied in sufficient quantity to 
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unite withf,the whole of the carbon as M’ell as the 'ivhole of the 
hydrogen in the hydrocarbons ; it therefore takes that for which 
Tt has most affinity, viz. the hydrogen, and leaves some (at any 
rate) of the carbon uncombined, as solid particles, which are 
raised to a glowing white heat by the temperature of com- 
bustion, This carbon is, however, itself burnt as it reaches 
the exterior of the flame. 

(r) Farther off still, in fact quite outside the usually visible 
flame, there is a region {c, fig. 67) where there is a great excess 
of air strongly heated, but little 01 none of the hydrocarbon!?, 
because they will have been completely burnt bcfoie they reach 
this part. 

The cone of flame produced by diiving a stream of air from 
the blowpipe thiough a gas- or candle-flame (see fig. 67) is 
precisely similar in constitution to that above described ; its 
structure and characters simply becoming more sharply defined 
and intensified by a judicious adjustment of the relative piopor- 
tions of gas and air. 

Uses of the different parts of the Blowpipe-flame. 

1. The central poition, <7, will take aw„ay oxygen fiom .sub- 
stances placed in it, i.e. will ‘reduce’’ them t-rl^ecause it con- 
tains an excess of strongly heated compouiuls of caibon and 
hydrogen which have a great affinity for oxygen. 

2. The intermediate region, b, will heat a substance most 
intensely; because it is the part where chemical combination 
between the hydrocarbons and the oxygen of the air is going on 
most abundantly and completely ; and where, therefore, the 
temperature is highest. 

3. The outer part of the flame, c, will add oxygen to sub- 
stances placed in it, i. e. will ‘ oxidise ’ them ; because it 
contains a large pioportion of highly-healed air, the oxygen of 
which has its affinity for most substances greatly increased by 
an increase of temperature. 

' Reduction in its Csiial sense means the taking away of oxygen from a 
substance, but in its most general sense it means the t.rkiiig away fi om a salt 
some or all of the nou-metallic radicle whieh it contains. A reference to 
various examples of reduction and oxidation will be found in the index. 
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These efFscts may be made much more decided by attending '' 
to the following rules : — 

To expose a substance to the highest attainable* 
temperature, it must be held at the point b m the figure, 
i. e. just at the tip of the blue cone mentioned above. Here 
the combustion is complete, and hence we have the maxi- 
mum temperature which can be produced by the union of the 
gases. 

To effect reduction; — more gas and less air will be 
needed; the object being to burn the gas only partially, and 
thus to compel it to obtain the oxygen "necessary for com- 
bustion from the substance submitted to its action. Admit 
more gas, therefore, until the flame is about 7 cm. high, and, 
holding the blowpipe-jet at the border of the visible flame, blow 
a gentle stream of air through it, so as to deflect the flame 
in the form of a long luminous tongue, within the tip of 
which (between a and h in the figuie) the substance to be 
reduced must be held, wholly immeised in the flame, and thus 
exposed to the same conditions as the ore in the body of a 
smelting furnace, surrounded by ignited fuel and combustible 
gases. "■ 

To effect oxidation ; — more air and less gas is needed ; the 
object being not only to burn the latter completely, but also 
to provide, over and above, a supply of highly heated oxygen, 
and thus to expose the substance to conditions similar to those 
which exist on the hearth of a cupelling fui nace. Diminish the 
supply of gas until the flame is only about 4 cm. in height ; 
introduce the blowpipe-jet about i mm. within the border of 
the flame, and blow more strongly so as to produce a well- 
defined blue cone, surrounded by a scarcely visible envelope ; 
and hold the substance to be oxidised near the point marked c 
in thg figure, about i cm. in front of the tip of the blue 
cone. 

[It must be understood that, where an oil or spirit lamp is used, 
the raising and lowering the wick will have the same effect' as in- 
creasing or diminishing the supply of gas to the burner.] 
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Examples iUustrating the use of the Blowpipe- flame. 

[A little of each of the substances required should be placed on 
watch-glasses or bits of writing-paper, near at hand.] 

A. Effects due to its intense heat. 

1. Colotirs imparted, to the flame by substances 
ignited in it. 

1. Take a piece of platinum wiie about 8 cm. in length, and 
make a ring, O, (actual size) at the end of it by bending it 
round the tip of the blowpipe-jet. Moisten it with a diop of 
distilled water, dip it into some sodium carbonate, and hold it 
in the hottest part of the blowpipe-flame. Notice the intense 
yellow colour imparted to the flame by the salt, which is highly 
characteristic of the metal sodium. 

[The platinum wire must be made perfectly clean befoie being 
used for the next experiment. For this purpose, straighten out 
the loop, and wipe off the greater part of the salt with a wet 
cloth : then bend the end into a ring as before, dip it into a little 
strong bydiogen chloride placed in a watch-glass, and hold it in 
the hottest part of a Bunsen’s buinei-flafnc, until it ceases to 
impart any colour to the flame.] " 

2 . Moisten the wire with stiong hydrogen chloride, dip'it 
into some powdered strontium nitiate, and hold it in the flame 
as before. The strontium present will impait to the flame a 
characteristic crimson colour. 

[Other examples of the colours imparted to flame by substances 
will he found under the heads of borates, copper, barium, and 
CALCIUM.] * 

r 

2. Colours imparted to iSorax by substanoes fused 
with it. 

‘*T 

Heat the loop at the end of the platinum wire, and dip it 
into powdeied sodium diborate (borax) placed in a watch- 
glass. A portion will adhere to the wire, and must be again 
brought into the blowpipe-flame. It will at first swell up and 
give off water, but will finally fuse into a colourless transparent 
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bead (of sodium metaborate), -which undergoes no change on 
being further heated. More borax should be taken, if ne- 
cessary, until a nearly romid bead is obtained, filling up the? 
whole of the wire ring. When the bead is cold, moisten it 
slightly with solution of cobalt nitrate, and again heat it slowly 
before the blowpipe, holding it in the hottest part of the flame, 
i. e. at the point of the blue cone. When all action appears to 
have ceased and the bead is as clear as at first, withdraw it from 
the flame and allow it to cool. It will now be seen to have 
acquired a deep blue colour, if the cobalt salt has been taken 
in the right proportion. If the bead appeals nearly black, too 
much of the cobalt nitrate has been added, and the wire after 
being again heated must be tapped on the edge of a plate, so 
as to shake off the greater part of the still fluid bead, then 
dipped into the borax and again heated before the blowpipe. 
If the blue colour is very faint, a little more of the cobalt nitrate 
must be taken; but the delicacy of the reaction is so great 
that it is hardly possible to take too little of the substance. 

[To clean the wire, heat the bead strongly till it melts, and im- 
mediately shake it sharply off into the sink or upon a plate ; melt 
some more borax upon the wire, and shake the bead off in the same 
way. On again making a bead, it will be usually found sufficiently 
colourless for other e.xperiments.] 

[Other examples of the use of the blowpipe in simple ignitions 
will be found under the, heads of SILICATES, CHROMIUM, and' 
ALUMINIUM.] 

B. Effects of Oxidation and Reduction. 

[In the preceding experiment: it is immaterial into what part Of 
tlie flame the substance is introduced, since the colour imparted to 
borax glass by cobalt is the same whether the oxidising or reducing 
flame be employed to melt the bead. In the following experiments, 
howenftr, the distinction between the two flames must be carefully 
observed, and the substance should be kept steadily for at least half 
a minute in the one or the other flame, as directed.] 

1. Oxidation and reduction in a borax bead. 

Form a clear colourless borax bead as above directed ; add 
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to it a vd^'y small particle of manganese dioxide,' and/ heat it, 
first at the hottest part or tip of the flame until the substance 
fias dissolved in the borax, and then in the oxidising flame, 
holding it at least i cm. in front of the visible flame. The 
head will acquiie an amethyst colour. Now heat it again, but 
this time in the reducing flame, holding it so that the luminous 
portion shall completely envelope it, and taking caie that it 
does not, even for a moment, lemain in the outer border of 
the flame. It will eventually be found that the aincth)’St colour 
has nearly or completely disappeared, and the bead is as 
colourless as at first. But if it be again held in the oxidising 
flame, the colour will return. 

The leason is this,— Manganese unites with sodium boiate 
to foim two distinct compounds, one containing more oxygen 
than the other. That which contains most oxygen is deeply 
coloured ; the other is colourless. By heating the substance 
in the oxidising flame, we dcteimine the foimation of the first, 
Of highly oxidised salt; but when this is transfeircd to the 
reducing flame, oxygen is taken away from it and the colourless 
salt is formed. 

r 

2. Eeduction on Charcoal. " 

[For such experiments as the following, small flat blocks of clui"- 

coal aie requiied, which should be 
caiefully selected fice from cracks 
and of close even texture. Good 
pieces may always Ije found among 
ordinaiy charcoal, sold for burn- 
ing, and should be cut across the 
grdin with a fine saw into pieces 
^buut 1.5 cm. thick, and 3 or 4 cm. 
in diameter. A cross section is 
always to be prefeiTcd to ajongi- 
tudinal one, since the former absorbs the flux more readily, and 
doeshrot split when heated.] 

Select a piece bf chat coal with a flat surface, and cut 
a sniall conical cavity in it with the point of a knife or spatula, 
as shown in fig. 68, so as to form a small crucible for containing 
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the SLibstaiKe; taking care that the surface of the charcoal 
extends some little way beyond the hole, so that any in- 
crustation may be retained for examination. The charcopj 
may be conveniently held in a pair of crucible tongs, their 
bent points being turned upwards, as in fig. 66, p. 95. 

Mix together in a small glass mortar a little tin dioxide 
(about as much as will lie on the end of a spatula) and twice 
as much potassium cyanide * : then fill the cavity in the char- 
coal with the mixture, taking caie not to scatter any over the 
suiface of the block. Biing the mixture into the reducing 
flame of the blowpipe, holding the charcoal in the crucible 
tongs, as shown in fig. 66, p. 95, slightly inclined towards the 
jet, so that the flame may play directly into the hole. The 
mass will readily melt, and bright globules of metallic tin will 
make their appearance, while the salt will be gradually ab- 
soibed by the charcoal. Maintain the heat steadily until the 
scatteied particles of metal have run together into one globule, 
and the flux (see note below) has disappeared; then withdraw 
it quickly from the flame and let it cool. Try the malleability 
of the metal by detaching it with a knife from the charcoal, 
placing it in a strong porcelain mortar and pressing the pestle 
strongly down upon it. It will be found to spread out under 
the pestle into a flat plate, not crumbling to powder or even 
tearing at the edges. 

8. Oxidation of reduced metal. 

Make a hole in another pail of the charcoal support, and 
place in it the piece of tin which you have just obtained. Fuse 
it in the reducing flame, qnd notice that its surface can be 
kept quite bright so long as it is held in that flame. Remove 
it into the oxidising flame, lov?ering the gas flame and slightly 
inc^asing the blast of air. It will now become tarnished, 
a crust of white oxide being formed, which appears to grow 

‘ The action of this salt will be found fully explained under cyanidks. 
It will be sufficient to say here that it acts, (i) fram its. affinity for oxygen, 
as a reducing agent ; (2) from its easy fusibility in forming a coating over 
the globules of reduced metal, to protect them from the action of the oxygen 
of the air. Such a substance is called a ‘ flux.’ 
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out of th’e^ metal. Bring it again into the reducing flame, and 
a bright globule of metal will be again formed. The re- 
^luction should be assisted by the addition of a minute quantity 
of potassium cyanide, to act as a flux. 

[Other examples of oxidation and reduction by the blowpipe-flame 
■will be found under the heads of COPPER, IRON (borax-beads), lead, 
and CADMIUM (reductions on charcoal).] 


[The pieces of platinum wire for blowpipe use may be conveniently 
preserved in the following way : — 

Fit a cork to a wide-mouthed I oz. bottle ; then with a sharp cork- 

borer cut two or more holes in 
the cork, about 5 mm. in di- 
ameter. Push out of the borer 
the small cylinders of cork 
extracted from the holes, and 
make a pin-hole along the axis 
of each. Pass one end of the 
piece of platinum wire through 
the pin-hole and bend it into a 
hook on'the other side of the 
cork to securd'the wire in its 
place. Lastly, fill the bottle 
nearly to the neck with dilute 
hydrogen chloride ; cork it. 
Fig. Gp. and fit into each hole a cork 

cylinder with wire attached, so 
that the end of the wire may be immersed in the dilute acid. By 
this means the wires will be kept always clean and ready for use ; 
while the cork cylinders will serve, as convenient handles and 
prevent the wires from being lost. Fig. 69 represents a bottle thus 
fitted.] '■ 
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EXERCISE 11. 

The general properties of Q-ases, and the modes of 
collecting them. 

Apparatus required. — Pneumatic trough (fig. I, p. 2) ; two cylindrical gas 
jars, 5 X 20 cm. ; one ditto, 3x10 cm. ; small wide-mouthed gas bottle, 
holding about 200 c.c. j elbow-tube with long branch, fig. 33, p, 32 ; 
retort-stand ; test-tubes ; tube measure, fig. 48, p. 49 ; pipette ; corks ; 
cork borers ; india-rubber rings j piece of india-rubber tubing (small 
size) about 40 cm. long. 

Most of the substances to be dealt with in the earlier Exer- 
cises in Sect. II. are gases ; and in order to avoid waste and 
loss of a substance which may have given some trouble to 
prepare, it will be useful to examine such properties as belong 
more or less to all substances in the gaseous state. 

In the first place it is observed that all gases mix rather 
quickly with each other, when brought into contact. This 
property is called ‘Diffusion;’ and the lighter a gas is, the 
more quickly it diffuses into other gases. Coal-gas, for in- 
stance, if allowed to escape from a pipe, is soon discernible 
by its smell in every part of a room or house. Hence in 
dealing with any gas, if we wish to keep it pure we must 
separate it from the air or other gases by confining it in a well- 
closed bottle or jar; and in transferring it to other jars or 
bottles we must make it pass in bubbles through some liquid 
on which it has no action. For such purposes the pneumatic 
trough, filled with water or mercury, is generally used; 
although some gases may^ be dealt with by the rougher but 
readier mediod of displacement. 

A.'^Collection and decantation of gases over the 
pneumatic trough. 

I. Fill the trough with clean water up to the level of the 
overflow-pipe, or about 2 cm. above the shelf, and place it 
before you on the table, the broad fixed ledge being farthest 
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from yo\i, and the movable shelf being placed near the left- 
hand end of the trough. If the small bide trough (the end of 
'-which is shown at b, fig. i, p. 2) is provided, it bhould be 
placed below the ledge so as to catch any water which over- 
flows through the tube at the corner a. Take one of the large 
cylindrical jais, and, holding it nearly hoiizontally in the right 
hand, plunge it into the -water, the mouth of the jar being held 
a little higher than the closed end, in older that the air may 
more readily escape. When the jar is filled with water and wholly 
immersed in the trough, bring the closed end uppermost and 
raise the jar vertically until Us mouth is on a level with the 
shelf, and then move it laterally until it rests over the hole in 
the shelf : taking care to keep the mouth always below tlie 
suiface of the water. So long as this condition is fulfilled, 
you will find that the jar remains full of water, the column of 
water being retained in it by the piessure of the air on the 
surrounding water. Next, attach a piece of india-rubber tubing 
to the short bianch of an elbow-tube and bring the other end of 
the elbow-tube just under the hole in the shelf. If air is then 
blown from the mouth through the lube, it will rise in bubbles 
to the top of the jar, displacing the fiieavic.r water. This 
illustrates the way in which all gases which have no action on 
water may be collected, 

2. Slide the jar, now filled with air, to the side shelf of the 
trough, taking care to keep its mouth below water. Fill 
another similar jar with watei as above directed, and place it 
over the hole in the shelf. The air in the fiist jar has now to be 
transferred or ‘ decanted ' into this latter jar in a manner quite 
analogous to that in which we pour water from one vessel to 
anothei, only that instead of ppuiing-v water downwaids through 
air, we have to pour air upwards thiough water. Hold the jar 
containing water steady -with the left hand, bring the mouth of 
the other jar under the hole in the shelf, and gradually depress 
its closed end so that the air contained in it may ascend bubble 
by bubble through- the hole into the jar placed over it. The 
level of the water in the latter will fall until the jar is completely 
filled with air. (The reason for steadying it with the left hand 
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will now be 'evident, since it will show a tendency topple 
over, owing to the upward pressure of the water ; and it is best 
never to fill a jar completely with gas, but only so far that’ 
the level of the watci inside and outside the jar may be the 
same. It can easily be filled completely, when required, from 
another jar.) 

Repeat the experiment, decanting air from the one jar into 
the other until you can do so without allowing a single bubble 
to escape. It is not necessary that the jar should rest on the 
shelf, but it may be held in the left hand, as in fig. 73, p. 130, 
its mouth being retained about 2 cm. below the water-level, and 
the mouth of the jar of air brought close to its edge, and 
a very little to the tight of it, since the bubbles of gas have 
a foiward as well as an upsvaid diiection. 

3. You may, in the next place, fill the small jar with air and 
decant its contents into the larger one. Then tiy to decant 
the air back from the large jar into the small one. This will 
not be found so easy, since the bubbles of air fiom the mouth 
of the jai are so large that unless the jais aie held steady and 
the decantation is very gradual a w'aste of gas is likely to occur, 
and must occur if the dispioportion between the mouths of the 
jars is very great. You will know that none has been lost 
if the small jar is just filled with the air decanted from the 
larger one. 

[When gas is to be transferred from a large jar to a test-tube, it 
is better to decant it first into a jar of intermediate size, and then 
into the tube ; or the object may be effected in the following way. 
Fill the tube in the usual way with water, and insert into its mouth, 
still held downwards below the water-level, the up-turned beak of 
an inverted funnel about 7 cm. 19 diameter. Retain the funnel in 
its position by placing the little finger under the rim, the tube being 
held,#pright between the thumb and the other fingers. If. now, 
air be decanted from a laiger jar, bubble by bubble, into the funnel, 
the bubbles will rise into the tube without any loss, the displaced 
water making its escape between the mouth of the tube and the 
funnel, which latter should not be held too closely in contact with 
the tube.] 
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Collection, of gases by displacement.’ 

'■ This is a method of collection which depends upon the 
difference between the density of a gas and that of common 
air. It is especially useful in cases where the gas to be col- 
lected is so soluble in water that it would be impracticable 
to collect it over that fluid. In such cases a trough filled with 
mercury might be used, but the great expense of this would 
place it beyond the reach of most of those for whom these 
exercises are intended. 

"When we pour water into a vessel, the water, being heavier 
than the air contained in the vessel, descends to the bottom 
and displaces the air, which is driven out at the top. Precisely 
the same thing occurs when we lead a gas heavier than air into 
an open jar. The gas does not mix with the air at once, but 
collects at the bottom of the jar and gradually rises, driving the 
air before it, and finally overflowing the edge of the jar like 
other fluids. It is obvious that a gas lighter than air may 
be similarly collected by simply reversing the position of the 
receiving vessel, placing its mouth downwards, and leading the 
gas into its upper part ; as may be illustrated jit the following 
way with coal-gas h 

Place a small wide-mouthed gas bottle (the stopper beiirg 
removed), inveited, upon the smallest ring of the retort-stand, 
and put round it one of the larger retort-rings in order to 
steady it (as in fig. 76, p. 148). Connect the short branch of an 
elbow-tube by an india-rubber tube with the gas supply, and 
pass up the long branch as high as possible within the bottle. 
Turn on the gas partially, so that & moderate stream may flow 
into the bottle, where, being lighter than air, it will collect in 
the uppermost part, displacing the air, which will escape at the 
mouth of the bottle. In about j o seconds (or the time ‘“aken 
to count ‘ 20 ’ deliberately) turn off the gas and withdraw the 


^ If coal-gas is not* at hand, a little hydrogen may be made in a 
test-tnbe by acting on diiute hydrogen chloride with zinc as directed 
in expt. (a) p. 80; the mouth of the test-tube being passed up into the 
inverted bottle. 
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tube : then bfing a lighted match to the moutH of the bottle, 
when the gas will show its presence by taking fire. Observe 
that it does so before the light comes within the mouth of the, 
bottle, showing how quickly it is diffusing into the air. Air 
is, of course, diffusing into the bottle at the same time ; and, in 
fact, it is not easy to obtain a perfectly pure gas by collection 
in this way. 

In collecting gases by displacement, the following rules should be 
attended to. 

I. Pass into the jar at least twice the volume of gas required to 
fill it ; since diffusion must take place between the fluids with greater 
rapidity in pioportion as their densities are less, and hence the 
boundary-line between the gas and air is never so sharply marked 
as in the case of water and air. 

3. All currents of air in the room must be avoided as much as 
possible; the tendency of such currents being to stir up the gas, 
and pioduce a more rapid mixture with air than diffusion alone 
would cause. 

Additional Experiments. 

A. Effect of change of temperature on the volume of a gas. 

Take a test-tube about 2-5 cm. in diameter and 15 or 20 cm. in 
length ; place round it, about the middle, a small india-rubber band ; 
fill it with water, and place it inVerted upon the shelf of the trough. 
Decant air into it from a small test-tube until, when your eye is 
brought on a level with the india-rubber ring, the lowest part of the 
curve which is formed by the surface of the liquid appears jttst to 
touch the upper edge of the ring (see p. 49, note). Heat some water 
in a test-tube nearly to boiling, and pour it over the tube containing 
the measured volume of air. surface of the water in the tube 

win rapidly sink below the ring, showing that the air has expanded 
with the heat ; but when a little \?ater at the ordinary temperature 
is poured over the tube, the air will contract to its original volume. 
If yo<r can obtain any ice or snow, you may place some in a flask 
and add some water ; when the latter has been cooled down nearly 
to the freezing-point it should be poured over the tube containing 
the air. The surface of the liquid will now rise above the ring, the 
air contracting in volume as the temperature is lowered. 

Try a similar experiment with coal-gas, decanting the requisite 
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quantity ^nto tKe tube from an india-rubber tube cpnnected with 
the gas su'^jply. 

The same expeiiment might be tried with any other gas, and you 
""would find it to be a universal law that the volume of a gas increases 
as its teuiperaiure is raised, and decreases as the temperature is 
lowered. 

Exact determinations of the amount of this variation in volume 
were first made by Gay Lussac, who established the following law, 
applicable to all true gases, whatever their nature, — 

For every change in temperature of i"C. a gas changes 

IN VOLUME BY ( = 0-00366) OF THE VOLUME IT OCCUPIES AT 

o“C. 

B. Effect of change of pressure on the volume of a gas. 

Since gases are ordinarily measured under the pressure of the 
atmosphere, it will be most convenient to vary the pressure on 
the gas which is being examined, by adding to, or taking fiom, the 
atmospheric pressure. For this purpose a column of water or 
mercury may be employed in the following way. 

Fit a good cork to the tube-measure already liiade (or any stout 
test-tube about the same size) ; bore a hole in it, and fit into the 
hole a straight piece of glass tubing about 30 cm. in length, and 6 
or 7 mm. in diameter (the pipette you hav/; made (p. 33) will do 
VC17 well). Take out this tube, when fitted, and’ insert tlie cork 
tightly into the test-tube. Slip over the small lube a narrow india- 
rubber ring (cut from a piece of tubing), and sinlc it vertically In 
the trough almost to the bottom ; then, holding the test-tube by 
the rim (lest the warmth of the hand should alter the volume of 
the enclosed air), fit the small tube into the cork, raise or lower the 
apparatus until the level of the water in the tube and iu the trough 
is the same, and adjust the ring to this level. The air enclosed in 
the tube is now at the same piessure as the external air ; since the 
columns of water inside and outside the tube, being of the same 
height, just balance each other, and thus the pressure of the external 
air is transmitted by the water to the air within the tube without 
gain or loss. Slip under the extremity of the tube one of the'krger 
gas jars, wholly immersed in the tiough, and raise the whole out of 
the trough, the gas jar serving as a deep pneumatic trough. It 
will now be possible to vary the pressure on the air enclosed in 
the test-tube by simply raising or lowering the tube in the jar of 
water ; and owing to the difference in capacity between the test- 
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tube and the E-mail tube connected with it, a slight Alteration in the 
volume ot the air in the former will cause a very decided Change m 
the level of the water in the small tube. 

1 . Effect of diminishing the pressure. 

Set the jar on the table, and raise the lube until its extremity is 
only just below the water-level : you will observe that the water in 
the tube falls below its former level, showing that the volume of the 
air in the apparatus has increased. This enclosed air is obviously 
under less than the whole pressure of the external air, since the 
pressure of the latter is partly balanced by the column of water in 
the tube standing above the level of the water in the jar. 

Therefore you learn that dimimition of pressure causes an in- 
crease in the volume of a gas. 

2 . Effect of increasing the pressure. 

Next, sink the tube in the jar until it touches the bottom ; tbe 
water will rise above its original level in the tube, showing that 
the enclosed air has contracted in volume. This air is now ex- 
posed to a pressure greater than that of the external air, the latter 
being aided by the column of water in the jar which is above the 
level of the water in the tube. 

We have thus obtained evidence that increase of pressure causes 
a diminution in the volume of a gash 

By exact expcnments of the above kind, in which the volumes 
occupied by a portion of a gas under the pressure of columns of mer- 
ciiry of different known lengths were measured, the following law, 
applicable to all gases, was established by Maniotte (and Boyle), — 

The volume of a gas varies inversely with the pressure 

UPON IT. 

Thus, for example, taking too c.c. of a gas under the ordinary 
atmospheric pressure,— if we put twice the pressure upon it, it con- 
tracts to half the volume, i. e. l^ecomes 50 c.c if we put half the 
pressure upon it, it expands to twice the volume, i. e. becomes 
200 c.c. ■* 


* Mficli greater vaiiations in pressure can be obtained by connecting the 
end of the tube with a funnel by means of a long india-rubber tube ; both 
this and the funnel being filled with water by immersing them in the trough 
(care should be taken to get rid of all air-bubbles). If the funnel is then 
raised or lowered, the column of water in the tube i^ added to or subtracted 
from the pressui e ol the air, as above explained. 

It may be convenient to note that a column of water i metre in height 
very nearly = -iV of the average air-pressure. 
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The "nractical lesson to be learnt from these experiments is 
that in measuring gases over the pneumatic trough especial 
care must be taken to deal with them under equal conditions of 
temperature and pressure (or to make allowance for any differ- 
ence) : otherwise the apparent volumes will not represent the 
real quantities we wish to take. The jars should not be held 
more than is necessary in the warm hands, and the volumes 
should be read with the water as nearly as possible at the same 
level inside and outside the jar. 



SECTION II. 


PREPARATION AND EXAMINATION OF THE PROPERTIES 
OF THE PRINCIPAL NON-METALLIC RADICLES 
AND THEIR COMPOUNDS. 

[An asterisk is prefixed to those experiments which illustrate 
properties of the substance which are considered especially applic- 
able for its detection in the course of qualitative analysis.] 


1. OXYGEN AND ITS COMPOUNDS. 

[Symbol of oxygen-atom. O 

Weight ,, „ i6 hydrogen-atoms. 

Foimula of oxygen-molecule, Oj 

Weight „ „ 32 hydiogen-aloms.] 

Apparatus reguired. — Pneumatic trough ; argand burner ; fish-tail burner, 
or spirit lamp ;• Bunsen's buinei ; Bunsen’s holder; letort-stund ; sand- 
bath; piece of wire-gauxe ; corks; cork- borers; rat-tailfile; thiee-squnre 
file ; Florence flask (fig. 15, p, 10) ; test-tube about 1.5 cm. in diameter; 
glass tubing, about 3 nim in external diameter ; porcelain mortar ; two 
small porcelain dishes'; scales .and weights; deflagrating jar ; deflagrating 
Clip ; one wide-mouthed stoppered bottle, holding about 700 c.c. ; two 
ditto, holding about aoo c.c. ; two cylindrical gas jam, 20 x 5 cm. ; 
ground-glass disc, 8 cm. in diametei ; taper on wire (fig. la, p. 8); 
cedar spills ; box of test-papers ; sheets of writing-paper 
Potassium chlorate ; manganese dioxide ; clean sand ; sulphur ; piece of fine 
watch-spring or steel wire ; piece of magnesium ribbon, 10 cm. long ; 
German tinder, or fusee. ,, 

Oxygen is generally obtained by the action of heat on some 
compiftnd containing it. Thus when mercury oxide was 
heated (p. 77) it was found to give off oxygen; and this 


* A short explanation of these symbols, &c., is given in Appendix D. 
Those, however, who are only just commencing chemical work will find it 
best to defer the study of them imtil the series of nitrogen oxides has been 
examined. 




1 14 , PREPARATION AND PROPERTIES OF 

f f 

method Vs of inteiest as being the one used by Priestfey in his 
discovery of oxygen. But piactically another sub.stance, potas- 
sium chlorate, is neatly always used in the preparation of the 
gas. This salt contains potassium, chlorine, and oxygen, and 
when it is heated the whole of the oxygen in it (about one-third 
of its weight) is evolved, and a compound of potassium with 
chlorine (potassium chloiide) remains. Tills may be tried on a 
-.mail scale as follows. 

Place a few crystals of potassium chloiate in a dry test-tube, 
supported in a slanting position in a Bunsen’s holder (as in 
fig. 62, p. 77), and apply heat. The salt will fuse into a liquid, 
and at a temperature just above its melting-point, will give off 
a gas with effervescence, which may be shown to be oxygen 
by its power of rekindling a glowing s])linter of wood, such 
as a cedar spill, introduced into the tube. Continue heating 
the salt for half a minute, then remove the lamp, and when the 
fused mass in the tube is cool, pour in a little water, shake it uji 
with the lesidue, and test the solution with a dio[) of silver 
iiiliate. A white precipitate will be pioduced, which we have 
seen already (p. 7,15) to indicate the presence of a chloiide h 

[The reaction may be expressed us follows : — g" 

Substance taken. Composition. Rubsianees olitaiiiecl. 


Potassium 

chlorate, 

1 3 2. 5 parts by 
weight. 


Potassium, 3y parts 

Chlorine, 35-5 parts 

Oxygen, 48 parts - 


, . — . 1 Potassium 

> cliloriile, 

1 7-t',S parts. 

— ) Oxygen, 

( 48 parts,] 


'■ Chlorates themselves do not give any jireeipitate when testetl thus, as 
will be proved in n later exercise, wtten their properties are moie fully 
examined. 

’ The student is advised to write' out alt the chemical actions which he 


meets with. In some such form as the above. "ViTien Ire has .studied the 
properties nnd combinations of two or Ihiee of the elements he will lie 
bettei able to appreciate the grounds of the atomic theory, and th^systein 
of symbols by which all chemical changes may be concisely yet fully 
expressed in the form of equations, ns expl.ained in Aiipendix IX 

The equation expressing the mode in which moiccules of potassium 
chloiate break up whfn heated is, — 


Potassium Potassium 
chlorate. chloi ide. 


Oxygen. 


3KCIO3 = aKCl + 3O5 
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A vei^ pare gas may be obtained by this method, but the 
temperature at which the decomposition takes place is so high 
that ordinary glass flasks cannot support it without softening.' 
It is found, however, that if the salt be mixed wiih manganese 
dioxide, the decomposition takes place at a much lower tem- 
perature, and with greater rapidity. The manganese dioxide 
does not, apparently, give up any of the oxygen which it con- 
tains : at any rate, it is found at the close of the action to be 
unaltered in composition, and may be employed repeatedly with 
fresh portions of potassium chlorate. 

Preparation of Oxygen gas. 

In the first place the materials for the preparation of the 
gas should be got ready, as it is important that they should 
have time to dry thoroughly. If this piecaution be neglected 
the flask in which they are to be heated is not unlikely to ciack 
during the experiment, owing to the moisture condensing in 
the neck and dropping down upon the hotter poitions of the 
glass. 

Weigh out on paper (as directed in Sect. I, Exercise 5, p. 59) 
25 grms. of crystallised potassium chlorate; reduce the crystals 
to powder in a mortar ; then place the salt in a porcelain dish 
or the sand-bath to dry. 

Weigh out, similarly, 6 grms. of manganese dioxide, and 
place it in another poicelain dish on the sand-bath near the 
potassium chlorate, stirring them both occasionally with a glass 
■ rod. 

In the next place, you have to piepare an apparatus for 
generating and collecting th<« gas. Since heat is required to 
decompose the potassiuim chlorate, a flask supported in a re- 
tort-stand will serve to contain the materials ; and since oxygen 
gas scarcely soluble in water, it may be collected over the 
pneumatic trough filled with water ; a bent glass tube will serve 
to convey the gas from the flask to the tiough. 

Take a clean Florence oil-flask, selecting one which has a 
smooth even mouth ; roughen the sharp edges of the mouth 
with a file ; or, if a Herapath’s blowpipe is at hand, turn the 


I 2 
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edges onwards so as to foini a spreading lip,* as .directed, 
p, 45. Cut off a piece of the glass tubing about 65 cm. in 
'length, and round the edges in the usual way : then (using 
the fish-tail burner) bend the tube to an acute angle, making the 
middle of the bend not more than 8 cm. fi om one extremity ; 
and lastly make a slight bend in the opposite direction as near 
the other extremity as possible, so as to give the tube the shape 
shown in fig. 70. The object of this second bend is to facilitate 
the escape of the bubbles of gas by giving them a forward and 
upward direction. 

It may be found convenient to use a coik handle (p. 32), 
in case the end of the tube should become too hot to be held in 
the fingeis. When the glass is quite soft, hold the tube out 


in front of you, so that the eye may be in the plane of the fiist 
bend ; it will then be easy to turn up the end which is nearest to 
you, so that both the bends may lie in the same plane but in 
opposite directions. 

Next, choose a sound cork very slightly larger than the neck 
of the flask, squeeze it until it become.s soft and elastic, and 
bore a hole through it for the delivery tube, using a cork-borer 
which is rather smaller than the glass tubing which you have 
used. 

The end a should now be fitted with gentle pressure and 
twi.sting motion into the corkj, through which it should pass 
completely and project slightly at the opposite end. Do not 
attempt to use much force in pushing the tube into the csivk, or 
you may break the tube and be cut with the splinters of glass ; 
but enlarge the hole with the 1 at- tail file, until the tube will 
enter it without much difficulty. 

The potassium chlorate and manganese dioxide, may now be 
taken from the sand-bath, and set aside to cool for a minute 



Fig. 70. 
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or two, during which time the pneumatic trougli may/- be filled 
with water up to a level about 2 cm. above the shelf. It is 
well to have a jug of water at hand, in case more should be., 
wanted. Take the deflagrating jar, slightly grease the stopper 
and fit it tightly in its place ; then immerse the jar sideways in 
the water, raising the open end a little, so as to allow all the air 
to escape. When the last bubble is gone, depress the open end 
and raise the jar by its neck (taking care to keep the lower end 
below the water-level), until it can be moved laterally to its 
place on the shelf. Fill the two cylindrical jars with water and 
place them inverted on the shelf. The large bottle should 
be filled with water from a jug, the (greased) stopper inserted 
quite loosely and held in its place with one hand, while with 
the other the bottle is inverted, and its mouth brought below the 
level of the water in the bough, when the stopper may be 
withdrawn, and the bottle moved to the shelf. It is a good 
plan to keep the stopper upon the bottle, when thus inverted, 
in order to prevent its being mislaid. 

[Besides the above jars and bottle, two small gas bottles should 
be filled with oxygen and reserved for use in future Exercises ; un- 
less, as is the case in many laboratories, a supply can be obtained 
from a gas-holu'er, whenever wanted. These bottles may, after 
being filled with water, be placed near at hand and not brought into 
the pneumatic tiough until required for filling, in order to avoid 
overcrowding the shelf.] 

Now mix the potassium chlorate and manganese dioxide in 
the mortar with a few circular strokes of the pestle, add to the 
mixture an equal bulk (not more) of fine dry sand ', and grind 
the whole until thoroughly mixed ; then shake it out on a sheet 

1 Unless this addition of sSnd is ijiade, it often happens, especially if 
theie is rather more than the due pioportion of manganese dioxide in the 
mixture, that theie is a sudden rush of gas at the last, a low incandescence 
spreaJtng through the half-fused mass. It is well to be prepared for this, 
and to take away the lamp at the moment when you perceive any tendency 
to a rush of gas. Of course the only possible risk would arise from the 
delivery tube not being sufficiently large to carry off the rapid current of 
gas, or becoming obstructed by particles of the, mixtuie mechanically 
carried over with the gas. When sand is added, however, as above 
directed, the decomposition proceeds with perfect regularity from beginning 
to end, and much less attention to the lamp is required. 
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of papei^, and transfer it to the flask. Aflei \vipii>g th§ neck oi' 
the latter, fit the coik with the bent delivery tube into its place 
rwith careful pressure (grasping the flask by the neck, not the 
bottom, lest it should bicak and cause a serious wound), and 
support the flask on a piece of wire-gauze bent into a shallow 
cup, and resting on the laigest ring of the retort-stand. The 
smallest ring should be passed over the neck of the flask to 
secure it in an upright position, and the latter should be fixed 



Fig. 71. 


at such a height that a lamp rrray be easily placed beneath 
it, and that the end of the ^delivefiy tube may pass under 
the shelf of the pneumatic trough, and be about 3 or 4 cm. 
below the surface of the water. The whole apparatus wilksthen 
be arranged as shown in fig. 71. 

Before beginning to heat the mixture in the flask, you should 
ascertain whether there is any leakage owing to the cork being 
unsound or badly fitted. Place the warm hand on the flask 
for a few seconds, and observe whether, owing to the expansion 
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by heat of the air in the flask, the level of the watr; in the 
delivery tube is depressed below the level of the water in the 
trough, and finally a bubble or two of air escapes, and also, 
whether on removal of the hand the water only returns l/y 
degrees, as the air cools, to its original level in the tube. If no 
depression of the level takes place, it shows that some air must 
escape through a leak in the cork-joint, which must be stopped 
before anything further is done. If the fault is not cured by 
pressing the cork farther into the neck of the flask, it will 
generally be best to take a new cork altogether. 

When you have proved that the apparatus is air-tight, you 
may proceed to heat the flask by a gas or spirit lamp. The 
best foim of gas lamp for the puipose is an argand burner (or 
other form of ring burner), since it distributes the heat over a 
larger surface, and can be made to give a very small flame if 
required. 

The first effect of the heat (which should be applied cau- 
tiously and giadually) will be to expand the aii in the flask, 
which will escape m bubbles through the water in the 
trough. 

In a short time the stream of bubbles, which had slackened, 
will become ihoie rapid, showing that gas is being evolved 
from the mixture. As soon as this takes place, slide one of 
the cylindrical jars along the shelf until its mouth is over the 
hole and the bubbles can rise ficely into it. The heat must be 
carefully legulated, so as to keep up a moderately rapid stieam 
of bubbles. It will be scarcely worth while to test the first 
jarful of gas, which will certainly be mixed with air. Till the 
jar again with water, and plt^^e it as before to receive the gas. 
When it is full, slide it pff the shelf with one hand, and with 
the other bring a ground-glass plate upon its mouth, while 
und^' water ; raise the jar out of the water, still keeping the glass 
plate pressed against its mouth, and place it mouth upwards on 
the table. Now light a cedar spill at the lamp, blow it out, and, 
while its end is still glowing, plunge it intp the jar of gas. If 
it is rekindled, bursting sharply into flame, the gas is sufficiently 
pure for experiments. If this is not the case, return the jar 
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at once\jto the trough, fill it again witli gas, and. test it in the 
same way. 

, When yoit have thus ascertained that the gas is pure, you 
may proceed to fill the jars and bottles with it, bringing each 
in succession over the hole in the shelf, and when it is full of 
gas sliding it (without raising its mouth above the level of the 
water) to one end of the shelf, and biinging another into its 
place'. When the deflagrating jar has been filled, slip undei 
its mouth a shallow tiay (a common plate or saucer will 
answer the purpose) ; then, keeping the tray hoi izontal and the 
mouth of the jar resting in it, raise both out of the water and 
place them on the table. The water remaining in the plate 
will thus act as a valve to prevent the gas in the jar from 
escaping. The cylindrical jars may be left on the shelf till 
required. 

As soon as the jais and bottles are filled with oxygen, take 
out the cork from the flask, and raise the delivei y tube at once 
out of the water ; then (and not till then) withdraw the lamp, 
and set the flask aside to cool. 


[The poious, half-meltecl mass which it contains m.ay be readily 
washed out by a little waim water. It consists pf a mixture of 
potassium chloiide, manganese dioxide, and sand, and will not be 
worth preserving. The flask will lie found scarcely, if at all, in- 
jured, and after being cleaned and dried is fit for use again.] 


' While the jars .are being fiiicd you may cnliiulate the quantity of 
oxygen obtainable from the 25 gims. of potassium chlorate you have taken. 
It is known (see the diagram on p. 114) that 122-5 parts by weight of the 
salt yield 48 parts by weight of oxygen ; and tlic 25 grms. must yield the 
same proportionate weight of the gas. jit is, then, only necessary to work 
out tlie following proportion bum, — 

Parts by wt. of . Parts by wt. of AVt. of pot. chlorate . Wt. of oxygen 
pot. chlorate. ' oxygen yielded. taken. ' obtained. 

: 48 : 25 grms. ; 

The fourth term (which need only be calculated to two decimal places) 
will give the of the oxygen ; and in Older to ascertain how many 

litres this will measure, it is suilicient to know that 1.4 grms. of oxygen 
measure 1 litre (nearly). Thus you have to find out how many times 
t *4 grms. are contained" 111 the whole weight of o.xygen, 2. g, to divide this 
weight by 1.4; and the quotient will be the number of litres of oxyircn 
obtained. 
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Properties of Oxygen gas. 

1. Its action on test-paper. '■ ■» 

Remove one of the cylindrical jars from the shelf of the 

tiough, keeping its mouth under water ; slide a ground glass 
plate over its mouth, and place the jar, thus coveied, with its 
mouth upwards on the table. Take strips of blue litmus and 
reddened- litmus-paper, and moisten them with distilled water j 
then remove the cover from the jar of gas, and dip the test- 
papers into the oxygen. You will observe, on withdrawing 
them, that the colour of neither test-paper is changed Oxygen 
is therefore a ‘ neutral’ substance. 

2. Its relation to ordinary combustion. 

Place another of the cylindrical jars of gas, its mouth up- 
wards and closed with a glass plate, on the table before you, 
near the lighted lamp. Take in the right hand the piece of 
wax taper attached to a bent wire (fig. 12 , p. 8) and light it at 
the lamp ; then, withdrawing the glass plate, introduce the taper 
into the bottle of gas. Notice that it is not extinguished, but 
burns with a whiter, more intense flame. 

Its action cs a glowing splinter of wood, causing it to burst 
sharply into brilliant combustion, has been observed already, 
and need not be tried again. 

8. Its affinity for other radicles. 

Oxygen combines, more or less readily, with almost all 
other radicles ; and the compounds formed are called ‘ Oxides.’ 
Thus in the experiment last made, oxygen united with the 
carbon and hydrogen of the* taper to form carbon dioxide and 
hydrogen oxide (water). « The following are other examples of 
the ‘ burning ’ or ‘ combustion ’ of substances in oxygen ; the 
phra^ simply meaning the combination of the two radicles 
with production of great heat. 


* If the evolution of gas has been rapid, chlorine and chlonne oxides 
may be present in sufficient quantity, to be recognised by their odour (puie 
oxygen being inodorous), and to redden and bleach the litmus-paper in 
a short time. 
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{a) Comlbination of oxygen with sulphm’. 

Place the large bottle of gas on the table befoie you. Take 
the deflagrating cup and adjust its position (holding it by the 
side of the bottle) by sliding the rod thiough the flange so that 
it may, when placed in the bottle, hang about 2 or 3 cm. from 
the bottom of the bottle. Place in it a piece of sulphur, about 
as large as a pea. Loo.sen the stopper of the bottle of gas 
with the left hand ; hold the deflagrating cup for a few moments 
in the flame of the lamp (keeping the rod slanting so as to 
heat the cup only) until the sulpliur melts and finally catches 
fire, and then immerse it in the bottle. I'he sulphur, which was 
burning in the air with a faint lambent blue flame, will im- 
mediately begin to burn much more’ biilliantly, while white 
clouds are formed in the bottle'. It i.s, in fact, combining with 
oxygen, giving out intense heat in doing so, and forming a 
substance called ‘ sulphur dioxide.’ When the combustion is 
over, take out the cup, and obseive the pungent suffocating 
smell of the sulphur dioxide which has been pioduced. Both 
oxygen (when puie) and sulphm are quite flee from smell, as 
you will have noticed already. ^ 

Dip a piece of moistened blue litmus-paper into the bottle; 
obseive that its colour is changed to red. Substances which 
change the colour of litmus from blue to red are said to have 
an ‘acid reaction",’ In this case the sulphur dioxide has com- 
bined with the water with which the paper was moistened, to 
foi m hydrogen sulphite, or ‘ sulphurous acid.’ 


' Sulphur dioxide is, as will he hereafter seen, a transparent colourless 
gas; the white fumes are due to Us ^ombiimticin with the moistuie in the 
bottle. 

“ The reason why the colour of the litmus is changed Irom blue to red 
hy an ‘acid,’ and from red back again to blue by an ‘alkali’ (f..ch as 
calcium hydrate, p. 67 1 is as follows. 'I'he true colouring matter of litmus 
is a substance of a red colour; this in ordinary blue litmus is combined 
with sodium or ammonium forming a blue salt. When a stronger acid is 
brought into contact rwith this, it combines with the sodium, or other 
radicle, liberating the red colouring matter. When an alkali, such ns 
calcium hydrate, is added, it combines with the colouring matter, forming 
a salt which is blue. 
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(b) Combination of oxygen with. iron. 

Place the deflagrating jar, standing in a plate containing-* 
water, on the table before you. Take a piece of very thin 
watch-spring (readily obtained from any watchmaker), about 
20 cm. in length, or more, and soften it by heating it to red- 
ness in the flame of a Bunsen’s burner and allowing it to 
cool slowly. When it is cool it will be found to have lost 
much of its elasticity, and can be straightened without difficulty. 
Take the flange, or flat plate, of the deflagrating cup (the rod 
and cup being, of course, removed), and pass through it the 
piece of watch-spring so far that, when the flange is placed on 
the neck of the deflagrating jar, the end of the watch-spring 
may hang straight dowj;i to within 3 or 4 cm. of the plate in 
which the jar stands (tiy this by holding it at the side of the 
jar) : a small wedge, such as the end of a match, will secure it 
in this position. 

Bend up this end of the spring so as to foim a small loop, 
thus f — 1 (actual size), in which fasten securely a bit of 

German tinder or (which will do quite as well) a bit of one of 
the common cigar-lights made of touch-paper, and sold in 
strips. Loosen the stopper of the deflagiating jar with the 
lefl hand, while with the light hand you take up the flange with 
watch-spring attached. Light the tinder at the lamp, and im- 
mediately take out the stopper, and steadily lower the w'atch- 
spiing into the gas until the flange rests on the neck of the jar, 
in which position it should be held by the hand. The tinder 
will continue to burn, and the watch-spring, becoming red-hot, 
will also enter into brilliant cwmbustion, sending out sparks and 
fusing into globules of iron oxide, which will fall off into the 
water in the tray. Be careful to take out the w'atch-spring as 
soon.^s the combustion comes near the neck of the jar, or the 
latter may be ciacked by the heat. 

The oxygen has here combined with the iron of which the 
watch-spring is chiefly composed, to form two oxides ; one con- 
sisting of black, brittle globules which fall off the end of the 
spring into the water ; and the other consisting of a brown 
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powder, Sadhering to the sides of the jar, which -is nearly the 
same in composition as common iron rust 


* (c) Combination of the oxygen of air with magnesium. 

When substances burn in air, the action in all cases really 
consists in their combination with the oxygen of the air, forming 
oxides. For example, take a bit of magnesium ribbon about 
8 or 10 cm. long, and, holding one end in the crucible tongs, 
bring the other end into the flame of a Bunsen’s burner. The 
metal will take fire and burn with a biilliant bluish white light, 
as it combines with the oxygen of the air to form a white 
powder, which is magnesium oxide. 

[Other examples of the direct combination of substances with 
oxygen are given under the heads of CAltHON, PHOSPHORUS PENT- 
OXIDE, and COPPER.] 


2. HYDRO GEHr. 

[Symbol of atom, H 

Weight „ 1 hydrogen-atom’. 

Formula of molecule, H, 

Weight „ 2 hydrogen-atoms.] 

Apparatus roqirirod. — Pneumatic trough ; two gas jars, 20x5 ; one 

ditto, 10x3 cm.; flask, with flat bottom, holding abet^t 250 o.c.; bent 
delivery tube, used in the last Kxeielse; thistle funnel; corks; cork- 
borers ; rat-tail file ; retort-stand ; piece of wire-gauze ; taper on wii" ; 
gloss disc, 8 cm. in diameter ; gas Ir.ay, 8 cm. m diameter ; Bunsen’s 
burner; Bunsen’s holder; drying tube (,fig. 48, p. 12); indm-rubber 
tubing, for connectors ; glass jet (p. 32) ; large bealcer or funnel ; glass 
tube about 30 or 40 cm. long and i or i-5 cm. in internal diameter; 
jug of water ; cloth. 

Granulated zinc (see p. 26) ; stiong (common) hydrogen sulphate ; small 
tuft of asbestos; solution of platinum gerchloricle ; distilled water; small 
bottle of oxygen gas (unless a supply can be obtained from a gas-holder); 
plaster of Paris. ^ >■ 

'■ The beauty of the combustion is almost entirely due, nut to the iron, 
but to the carbon present in the steel watch-spring ; as may be shol.m by 
repeating the expenment, substituting for the spiing a piece of pure iron 
wire (‘ binding wire ’) coiled into a spiral by being wound round a test-tube 
or glass rod about i cm. in diameter. In this case the metal will simply 
burn with a steady glow, emitting few or no sparks according to the purity 
of the iron. 

® The hydrogen-atom, being the lightest of all known atoms, is taken as 
the unit, or standard, to which the weights of other atoms are referred. 
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HydrQgeni is usually prepared by the action of the_ force of 
chemical affinity upon certain compounds containing it. An 
experiment has already been made (p. 80) which shows that-* 
when zinc is caused to act upon hydrogen chloride, the latter is 
decomposed, the zinc combines with the chlorine, while hydro- 
gen gas is libel ated. If hydrogen sulphate (common sulphuric 
acid), diluted with water, is acted on by zinc or iron, a precisely 
similar action takes place; and this is the usual process for 
obtaining hydrogen. 

[Other chemical actions in which hydrogen is formed are given 
under the head of nitrates (action of zinc on potassium hydrate), 
and POTASSIUM (action of potassium on water).] 

Preparation of Hydrogen gas. 

Get ready the pneumatic trough as for the preceding exercise. 
Instead of bottles it is best to use plain cylindrical jars, ground 
at the mouth, about 5 cm. in diameter and 20 cm. high. Fill 
two of these with water and arrange them on the shelf of the 
trough. Now take the bent delivery tube, used in the prepara- 
tion of oxygen ; select a sound cork which will, after being 
squeezed, fit the neck of the flask; bore two holes in it (fig, 38, 
p. 38), one large enough to admit the delivery tube, the other 
adapted to the tube funnel. If none of your cork-borers will 
make holes of the precise size required, use the next smaller 
cork-borer, and enlarge the holes with the lat-tail file. Fit the 
short branch of the delivery tube into the cork until its end 
just appears on the opposite side ; then with a screwing motion 
pass the tube of the funnel through the other hole in the coi k 
until the lower extremity, whun the cork is fitted into the neck 
of the flask, would reach nearly to the bottom. 

Weigh out 30 grms. of granulated zinc, and place it in the flask, 
slidijjg the pieces down the neck, held slanting (not dropping 
them in, lest they should break the flask) ; support the flask in 
the retort-stand on wire-gauze and fit the cork firmly into its 

‘ Although the flask does not, in the present case, require to be heated, 
yet it is advisable to place under it a piece of wire-gauze which serves as an 
elastic cushion. 
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place. \The flask should be sujuiorted at sudi a hejght that 
the end of the delivery tube may be just below the hole in the 
r shelf, and not unnecessarily deep in the water. Fig. 72 shows 
the apparatus thus arranged. 

Pour through the funnel enough distilled water to cover the 
zinc to the depth of i cm., and try whether the joints are tight 



by placing the warm hands on ther flask for a few seconds. 
This will expand the air within, which will raise a column 
of water in the funnel tube (depressing, of course, the , water 
in the delivery tube to an equal extent). If on withdrawing the 
hands this column remains steady for a moment, and only sinks 
giadually to its former level, the joints may be considered 
good. If, however, the column either does not lise at all. 
or sinks rapidly when the warmth is withdrawn, there is a leak 
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somewhere in the cork-joint. This may often be rem<^died by 
wetting the cork and the tubes with water before fitting them 
into their places, and pressing the cork more firmly into the-* 
neck of the flask ; otherwise it will be best to take a new coik. 
Do not proceed with the preparation of the gas until the joints 
are all quite air-tight, since hydrogen escapes through small 
cracks far more quickly than any other gas. 

Pour about 2 c.c. (about a tea-spoonful) of strong common 
(not the pure acid used m Analysis) hydrogen sulphate down 
the funnel, and shake the flask, so that the acid and water may 
mix. When this reaches the zinc an effervescence will com- 
mence, owing to the liberation of hydrogen. After about half 
a minute a little more acid may be poured through the funnel, 
so as to keep up a rapid stream of bubbles from the delivery 
tube ; but especial care should be taken not to add too much 
at a time, lest the action should become too violent, partly fiom 
the undue stiength of the acid, partly owing to the heat evolved 
from the mixtuie of the acid with the \vater. If the liquid in 
the flask should show a tendency to both over, pour some water 
down the funnel, to dilute and cool the acid. It is often the 
case that the action''is slow at first, but it is better to give it 
a little time than to add acid recklessly ‘. 

' [The action may be expressed as follows ® : — 

Substances taken. Composition .Substances obtained. 


Zinc, 
65 parts. 


Hydrogen, 
2 paits. 


Hydrogen 
sulphate, 
98 parts. 


/ Hydrogen, 2 parts- 


(^Sulphur, 32 partsx 
'' Oxygen, 64 parts' 


Zinc 

sulphate, 

1 61 parts.] 


' Pure zinc and some varieties of granulated zinc do not always act 
readily on the acid. If, after all, only a slight effervescence occurs, pour 
into Ite funnel one or two drops of solution of platinum perchloride and 
wash it into the flask with a little water. This will, owing to the galvanic 
action between the 1 educed platinum and the zinc, greatly increase the 
rapidity of the evolution of the gas. 

“ Or by the following equation, — 

Zn + HjSOi - ZnSO, + H^ 
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Fill kree of the laiger jars with the mixture of air and 
hydrogen which first escapes from the flask, and reject their 
^contents before proceeding to collect the gas for your experi- 
ments. This precaution is of more impoitance here than in the 
case of oxygen, because (as will appear) air forms with hydrogen 
a mixture w'hich explodes upon contact with a light, and you 
may have an awkward, if not dangerous, mishap, if you uninten- 
tionally experiment with such a mixture instead of pure hydrogen. 
After sacrificing this quantity, however, you may safely collect 
two of the larger jars full of the ga.s, piecisely as tlirected in 
Exercise i, sliding the jars over the hole in the shelf, and when 
each is full removing it to the .side shelf of the trough. It is best 
not to fill the jar completely with gas (as it may topple over), 
but only so far that the water in the tray and in the jar may 
stand at the same level. It should, of course, be filled up com- 
pletely with gas before being used for experiments. While the 
jars are being filled with gas, you may calculate the quantity of 
hydrogen obtainable by the action of the 30 gims. of zinc 
upon excess of hydrogen sulphate’. Add from lime to time 
a little more strong hydrogen sulphate, to keep up the stream of 
gas, but manage so that the action may be subsiding while the 
last jar is being filled, so as to avoid unnecessar}^ waste of gas. 
When the jais aic full, leave the flask and delivery tube in the'r 
position foi the present, and examine the following properties of 
the gas. 

Properties of Hydrogen gas. 

1 . Its freedom from colour and smell will have been 
noticed already. 

2. Its insolubility in water is sufficiently proved by the 
fact that it can be collected over water in the pneumatic trough. 

3. Its action on test-paper. 

This may be sufficiently tested by holding strips of 'blue 


* The calculation should be made on the same principles as already 
explained in the case oxygen (see p, 120, note). The question is, — 
If 65 paits by weight of zinc cause the liberation of 2 grins, of hydrogen, 
how much will be obtained by the use of 30 grms. of zinc? (l litre of 
hydrogen weighs 0.09 grm. nearly.) 




HYDROGEN. 


129 


and red, litmus-paper over the bubbles as they rise Irom the 
delivery tube. The gas will be found to be neutral, like 
oxygen. ^ 

*4. Its relation to ordinary combustion, 

Tiansfer one of the jais of gas, mouth downwards (using a gas 
tray), from the trough to the table. Take the taper attached to 
the bent wire (fig. 1 1, p. 8) and light it : then- with the other hand 
laise the jar of gas steadil}' from the water, keeping its mouth 
still downwards, and Immediately pass the lighted taper up into 
it. The gas will take fire with a slight noise where it is in con- 
tact with the air, and burn with a pale, almost invisible flame ; 
but the taper on being pushed further into the gas will be ex- 
tinguished. Now withdraw the taper quickly and turn the mouth 
of the jar upwards ; the flame will pass rapidly down the jar, and 
the gas wiU be found to have disappeared entirely. 

[The jar may now be refilled with gas, for use in other ex- 
periments.] 

5. Its Hglitness as compared witli common air. 

This will be sufiiciently proved if it is found capable of 
being poured upwards through air ; just as a cork is pi oved 
to have a smaller density than water (for an explanation of 
‘ density’ see p. 50) because it rises tlnough water. 

Transfer another of the largei jars of gas fiom the trough to 
the table. Take a small gas jar (empty) and hold it inverted in 
one hand, as shown in fig. 73 (next page). Raise the jar of gas 
out of its tray with the other hand, bring its mouth near the 
edge of the small empty jar, a« shown in the figure, and steadily 
depress the closed end, pi acceding exactly as if you were pour- 
ing a liquid upwards fiom it into the smaller jar. Set down 
the sitjgll jar, which is in your left hand (mouth downwards), in the 
tiay of water; light the taper affixed to the wire and biing it 
into the up-turned mouth of the other jar. The gas wfll be found 
to have escaped entirely, the taper burning ejs in the outer air. 
Now laise the mouth of the small jar above the level of the 
water in the tray, and pass up into it the lighted taper. A 

K 
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slight explosion will take place, as the gas catches fire, thus 
demonstiating that the hydiogeii has really ascended and dis- 
placed the air in the jar, precisely as it displaces the water 
in filling a jar at the pneumatic trough. 

6. Its combination witb oxygen, to form water. 

When water is decomposed by an electric current or other- 
wise, the volume of hydrogen obtained is twice that of the 
oxygen. We may therefore infer that tlie gases must be mi.xcd 




? 3 - 


in the pioportion of two measures of hydrogen to one measure 
of oxygen, in the formation of water by synthesis. 

Fill with water both the jars used in the last cxpeiiment, 
and place them on the shelf of the pneumatic trough. Fill the 
smaller jar (which is to serve^ as the measure of volume) with 
hydrogen from one of the remaining jars of gas, and decant 
its contents into the larger jai. Ffill it again with ggs, and 
again decant its contents, as before. You have now two 
measures of hydrogen in the larger jar. Next fill the small 
jar with oxygen from one of the bottles reserved in the last 
Exercise (or from a gas-holder), and decant this measure of 
oxygen into the jar containing the two measures of hydiogen. 
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Depress ,the -jar in the trough, and shake it sideways'^to mix 
the gases (taking care that no air enters); then fill the small jar 
with the mixed gases, close its mouth with a glass plate, remove ■* 
it from the trough and place it on the table, mouth upwards, 
retaining the glass plate in its position with the left hand. 
Light a match, withdraw the glass plate, and apply the lighted 
match to the mouth of the jar. The gases, hitherto only mixed, 
when thus heated combine suddenly with an explosion which, 
though loud, is quite unattended with danger if a small strong 
jar is used as above directed h 

[Do not, on any account, apply a light to the mixed gases in the 
larger and thinner jar, since you may have a serious accident if the 
jar should break.] 

[You may, if time allows, try two or three similar experiments, 
varying the proportions of hydrogen and o.xygen (taking, for in- 
stance, two measures of oxygen and one of hydrogen), and you 
will find that the explosion, which accompanies the chemical com- 
bination, is loudest when one measure of oxygen is mixed with two 
of hydrogen, as in the original experiment. Hence we infer that 
when the gases are mixed in this latter proportion, the greatest 
possible amount of chemical combination takes place. This is 
found to be the fact when the combination is effected in a strong 
closed vessel : the whole of the gases then disappear, but if hydro- 
gen and oxygen are mixed in any other proportion a quantity of 
one or the other remains uncombined. 

You may, further, try a few similar experiments, using air instead 
of oxygen. You have noticed, in Expenment 4, that when a lighted 
taper is passed' into a jar of hydrogen the gas takes fire at the 
mouth of the jar, where it is in contact with the air. This is due 
to its combination with the oxygen, which is one of the constituents 
of air. Now, you will find thai when air and hydrogen are mixed 
in the proportions of five, measures of air to two measures of 
hydrogen and a lighted match applied to the mixture (this may be 


^ TSe cause of the explosion is the sudden intense heat which is produced 
by the chemical combination : this produces a quick and enormous expan- 
sion in the steam which is formed, and thus there arises a violent sound- 
wave in the air. The action may be expressed by the following equation — 
2 molecules of I molecule of a'molecules of 
Hydrogen. Oxygen. Water. 

2 -)- O, =2 H ,0 

“ If you have no jar large enough to contam seven measures of the gases. 


K 2 
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done in the larger jar), an explosion takes place, much less violent 
than in the case of oxygen and hydrogen, but loudest when the 
<iabove proportions of the gases are taken. But we have just seen 
that tiuo measures of hydrogen unite with one measure of oxygen 
to form water. Hence five measures of air contain one measure 
of oxygen b] 

7. Proof that water ia the product of the union of 
oxygen with hydrogen. 

This will be best observed by causing the combination to 
take place more slowly ; for instance, bj allowing a jet of 
hydiogen to burn in aii. 



Fig- 74- 

Raise the delivery tube out of the water, and support the 
end of it upon a wooden block placed on the table (the flask 
being still retained in the retdrt-stand). Attach to it one of 
the elbow-tubes which you have already made, stretching over 
the ends of both a short piece of india-rubber tubing, slightly 
moistened to make it slip over the glass more easily. To the 


put an india-rubber rfng round the small jar about 2 cm. from its mouth, 
and reckon the contents of the jar to this level as one measure. 

'■ The composition of air will be further illustrated in the next 
Exercise. 
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other br?,nch' of the elbow-tube, which should point vertically 
upwards (fig. 74), adapt in a similar way the glass jet you 
have already made (p. 32). Pour a little more acid on the ’ 
zinc, if the stream of gas has ceased ; and since air may have 
entered the flask, it will be advisable to test the purity of the 
gas before lighting it at the jet, in order to avoid the chance of 
an explosion. To do this, hold over the jet a small inverted 
test-tube, bringing the jet nearly to the closed end of the tube. 
We have seen that hydrogen can be poured upwards, there- 
fore the tube will soon fill with gas. After about ten seconds 
raise tlie tube slowly from the jet, close its mouth immediately 
with the thumb, remove it to some distance from the jet, and, still 
holding the mouth downwards, apply a lighted match to it. If 
the gas burns quickly, with a shrill noise, air is mixed with it ; 
and it will not be safe to light it at the jet. Other tiials should 
be made, and when the gas catches fire with only a ‘slight 
noise, the flame passing slowly along the tube, it is pure and 
you may proceed with the expeiiments. 

Pour a little more acid on the zinc in the flask, if necessary, 
and light the hydrogen issuing from the jet. When it burns 
steadily with a flame ' about 2 cm. high ', hold over it a clean 
dry beaker or bottle (inverted), so that the flame may be just 
level with its mouth, and notice that a dew is at once deposited 
on the glass, soon collecting into diops of a colourless liquid, 
which is pure water. It will be hardly worth your while to 
collect much of the liquid, but you may at any rate satisfy 
youiself that the product of the combustion is tasteless, and 
that when the outside of the glass is gently waimed by moving 
it to and fro over the lighted jet of gas the deposit volatilises 
without leaving any residue. Tastelessness and ready volatility 
are two of the propeities of water. 

8. ?ilusical note produced by the hydrogen flame. 

When the current of gas has slackened, but is still burning 
at the jet, another expeiiment may be tried which shows in 


'■ The Home will shortly become yellow, owing to a trace of sodium, 
contained in the glass of the jet, becoming volatilised. 
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an interesting way that the flame, umior certaitr conditions, 
although apparently steady, is really expanding and contiacting; 
is, in fact, rather a seiics of flames quickly succeeding one 
another, than a continuous flame. 

Hold a glass tube, about 30 cm. in length and about 1-5 cm. 
in diameter, over the jet, and dcpiess it gently until the flame 
is entirely within the tube. At a certain point the flame will 
become elongated anti a musical note will be produced varying 
in pilch with the length of the tube, and also, for the same 
tube, with the size of the flame. 3 ’his sound is due to the fact 
that the aii in the tube is set in vibration by the extremely 
rapid succession of exitlosions caused by the combination of 
the hydrogen, as it issues from the jet, with the oxygen of the 
sunounding air. 

The fact is, that hydiogcn and oxygen only combine when 
mixed in a ceitain propoition. This mixture takes lime to form, 
but as soon as it is foimcd the combination is sudden. A dis- 
tinct Intel val then occurs before the due mixtmc is again formed; 
this is exploded by the beat of the ptevious combination ; another 
pause occurs ; then another e.\[>losion, and so on. These ex- 
plosions follow each other .so rajiidly as to cotivr^ to the ear an 
impiession (not of a sciies of noises, but) of a clear continuous 
musical note. <" 

9. Headiness ■with which hydrogen diffiises. 

Put out the flame, and hold a piece of blotting-paper close 
above the jet from which the gas is still issuing. Bring a 
lighted match near the upper side of the blotting-paper, just 
over the jet. The gas will catch fire, showing that it has 
passed quickly through the pores of the paper, as through a 
sieve. >■ 

Additional Experiments. 

10. Action of platinum in causing the combination of 
oxygen and hydrogen. 

This will be more fully explained hereafter (see under pi.atinum), 
but it may be tried in a simple way thus,— Take a small tuft of 
asbestos, and coil the end of a piece of platinum wire once or twice 
round it to serve as a handle : then moisten it with a drop of solution 
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of platinum perchloride placed in a watch-glass, and hold it, fiist 
above and then in the flame of a Bunsen’s burner, until the salt is 
decomposed and a giay deposit of finely divided platinum is left on 
the asbestos. Allow this to cool, and then hold it just above the jet, 
in the stream of gas. It will become red hot, showing that it is 
causing the combination of hydrogen with the oxygen of the air, 
and the gas will shortly catch fire. 

11. Strict proof that water is formed when hydrogen and 
oxygen oombine. 

It must be observed that we have not yet rigorously proved that 
water is formed during the burning of hydrogen in air, since no 
pains have been taken to dry the gas, which of course contains 
moisture derived from the liquid in the flask. In order that the 
experiment may be decisive, the hydrogen must be passed over 
some drying material before it is bumt at the jet. 

Take off the glass jet and india-rubber connector, and fit the end 
of the elbow-tube into the cork at the end of a drying tube (fig. 23, 
p. 12) filled with fragments of quicklime or of calcium chloride. 
Support the drying tube in a vertical position by the Bunsen’s 
holder, and fit the jet upon its upper end. Test the purity of 
the gas, as already directed, p. 133. When you are sure that it is 
unmixed with air, light it at the jet, and hold a beaker over it, as in 
experiment 7. If moisture is now deposited on the beaker, water 
must have bee,; formed during the combustion, since the gas has 
been dried, and the air contains too little moisture to form any 
deposit on the glass. 

12. Iilghtnesa of hydrogen. 

Make a solution of soap by dissolving in a small evaporating 
dish a bit of common soap as large as a pea in 5 or 6 c.c. of water. 
Remove tlie glass jet, and touch the end of the india-rubber tube 
With a finger dipped in the soap solution. A bubble will soon be 
blown, which when it leaves thb tube will ascend rapidly. One or 
two trials with soap solution of viyiions strengths and more or less 
warm may be required to get a good result^. 

w 

‘ A solution which keeps well and forms good babbles may be made as 
follows. 

Dissolve 5 grms. of pure sodium oleate (made by gently heating 5 grms. 
of sodium hydrate with 25 grms of oleic acid) in 8o,c.c of distilled water • 
when cold add 5 c.c. of glycerine and mix thoroughly. The solution should 
be shaken up before use, and the clear portion poured off into a porcelain 
dish. 
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[Jf y\u possess one of the small fish-skin balloons, sold by opti- 
cians, the lightness of hydrogen gas may be fuither demonstrated 
in the following way ; — 

In the first place ascertain that there are no holes in the balloon 
by expanding it with air and holding it between your eye and the 
light, turning it round to examine every part of ith If any holes 
aie visible, they may be mended by touching the margins with 
weak gum-water and covering them witli small patches of gold- 
beater’s skin. A shoit piece of quill should bo inserted in the neck 
of the balloon, and secured in its place by folds of thread. Take 
off the glass jet from the apparatus used in the preceding experi- 
ment, and, having carefully sciuec/.ed and sucked out ns much as 
possible of the air from the balloon, stretdi the india-rubber con- 
nector over its neck, and proceed to fill it with gas, pouring a little 
more acid on the zinc whenevci the current of gas becomes slow. 
When the balloon is full, you may allow it to ascend in the room, 
after inserting a small plug of coik into the neck, and attaching a 
long piece of thread to the quill, in order to have the movements of 
the balloon under control.] 

13 . .BifFusion of hydrogen through plaster of Pat is. 

Take a piece of glass tube about 25 cm. long, and i cm. internal 
diameter (a piece of ‘ combustion tube,’ or the lube used ill expt. 8, 
will do) and fit a coik to one cud. Pour about 10 of water into 
a small porcelain dish, and add enough plaster of I’aiis to form a 
thin paste, stirring it thoioughly with a glass rod. liefore it scK;, 
plunge into it one end of the glass tulte (the cork being withdiawn) 
until it lests on the bottom of the dish, and support it upright in a 
Bunsen’s holder until the plaster has got moderately hard, which it 
should do in four or five minutes. Then carefully detach it from 
the surrounding plaster, and push the cork a little way into the tube 
so as to drive the plug of plaster before it. Take out the coik, and 
dry the plaster thoroughly by a gentle heat ; leaving it for several 
hours in a drying cupboard, or before tvfiie. W hen it is quite dry, 
insert the cork and fill it with hydrogen by pl.acing it over the end 
of the jet, in the same manner as the test-tube was filled, 133, 
supporting it in a Bunserr’s holder. While it is filling, pour some 
water into a large beaker and add a drop or two of Indigo sulphate 
to colour it. In about a minute, if tlieie is a fail stream of gas, the 


’ These balloons are very liable to he attacked Ijy insects. They should 
be kept in a wide-mouthed bottle or tin jar with a sinall bit of camphor. 
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tube will be sitfBciently full. Its lower end should now be imme- 
diately dipped into the water in the beaker and the cork withdrawn 
from the upper end. The hydrogen will diffuse out through the^ 
plaster plug so much faster than the air diffuses inwards that 
the water will rise in the tube and partly fill it. 

[After trying the above experiments, you may take the apparatus to 
pieces, wash the tubes, and set them aside to dry. The liquid which is in 
the flask is a solution of zinc sulph.ate, and may be filtered into an 
evaporating dish, and evaporated as directed in Sect. I, Ex. 5 (p. 63), until 
it deposits crystals on cooling. The zinc sulphate thus obtained is very 
pure, and may be reserved foi use in the laboratory.] 


3. NITROGEN. 

[Symbol of nitrogen-atom, N 
Weight „ 14 hydrogen-atoms 

.Symbol of nitrogen-molecule, Nj 
Weight ,, 28 hydiogen-atoms.] 

Apparatus required — Pneumatic trough ; porcelain dish 6 cm. in dia- 
meter ; gas tray ; deflagrating jar j two gas jars, 20 x 5 cm. ; one gas jar, 
10x3 cm.; small gas bottle; beaker about 6cm. in diameter; glass 
disc; taper on wiie; jug of water; cloth; blotting-paper; crucible 
tongs ; knife ; test-tubes. 

Phosphorus ; tow ; turpentine ; test-papers. 

Nitrogen is usually obtained from common air. It was 
frvrmeily thought that air was an element, but very simple 
experiments suffice to show that it consists of at least two sub- 
stances diffeiirig from it and from each other in properties. 
To prove this, — 

Fill the pneumatic trough with water, and place on the shelf 
one of the larger cylindrical jars, mouth downwards, and full of 
air. Light the taper affixed lo the wire (fig. ii, p. 8), raise the 
mouth of the jar slightly, above the water, and pass up into it 
the taper. Immediately lowering the mouth of the jar again 
beneath the surface of the water, so that the candle may burn 
in a definite volume of air enclosed in the jar. The flame 
will very shortly grow dim, and finally go out, and the water will 
rise to a certain height in the jar, but not vary far. Since it is 
known that no substance insoluble in water is formed when a 
candle burns in air, you have thus proved that air consists of at 
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least two gases: — one which suppoits llie combustion of a 
candle, and which can be pioved to be oxygen, — and another 
in which a candle will not burn, and which forms by far the 
largest proportion of air. This latter gas is nitrogen. 

Preparation of Nitrogen. 

The piinciple of the usual method of obtaining the gas is 
indicated in the expciiment just made; viz., to withdiaw from 
air all the oxygen it contains by the action of some substance 
which has an affinily for oxygen but not for nitrogen. Phos- 
phorus is, on the whole, the best sulistance for the jiurpose, 
since it leadily combines with oxygen and the compound foimed 
(phosphorus pentoxide) is very soluble in water, and is therefore 
quickly withdiawn when the experiment is made over the pneu- 
matic trough, leaving the nitrogen nearly pure. 

[Read the precautions to be taken in dealing with phosphorus, 
given on p. 81.] 

Float a small porcelain dish on the water in the iineumatic 
trough, retaining it over the movable .shelf. Take a stick of 
phosphorus from the bottle with the crucible toirgS, place it in 
a gas tray full of water, and cut off with a knife (still holding it 
under water) a piece aborrt twice as large as a pea. Dry the 
piece of phosphorus thoroughly, hy geiilly pressing, not rublriiig, 
it between folds of blotting-paper; then place it at once, using 
the (dried) crucible tongs, in the flouting dish. Take the stopper 
(which should be greased) out of the deflagrating jar-, and, 
holding the jar in one hand over the pliosphorus, light the latter 
by touching it with a burtring match ; then lower the jar at once 
over the burning phosphorus until,. it rests upon the shelf of the 
tiough, and immediately insert the stopper. The level of the 
water in the jar will at first be cfepressed, owing to the expansion 
of the enclosed air by the heal of combustion, but it wdl^soon 
rise above the level of the water in the trough, showing that one 
of the constituents of the air is being withdiawn. When the 
jihosphorus ceases go burn, allow the jar to remain undisturbed 
for five minutes, until the white fumes (which consist of a com- 
pound of phosphorus with oxygen, phosphoius pentoxide) have 
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been for, the most pait absorbed, and meanwhile fill all the gas 
jars with water and place them inverted on the shelf of the 
trough. Fill also the large beaker, which is to be used precisely - 
as a gas jar, its large, spreading mouth rendeiing it easier to 
avoid loss in decanting gas into it from the deflagrating jar. 

When the white fumes have nearly cleared away, depress the 
deflagrating jar in the trough and shake it laterally until the 
small dish is filled with water and sinks to the bottom, when it 
may be withdrawn. Decant some of the nitrogen first into the 
beaker (remembering not to fill it completely, lest it should 
topple over) and then from the beaker into the three gas jars. 

Properties of Nitrogen. 

1. Its action on test-paper. 

Raise the mouth of the smallest gas jar above the water of 
the trough (still keeping it inverted, since nitrogen is rather 
lighter than air), and pass up into it strips of moistened blue 
and red litmus-paper. The gas will be found to be neutral, 
like hydrogen and oxygen. 

2. Its relation to ordinary combustion. 

(a) Slide one of the larger jars of gas off the shelf of the 
trough, cover its mouth with a glass plate, lift the jar out of 
tne water, retaining the plate in its position with one hand, and 
jilace it on the table mouth upwards’. Light the piece of taper 
affixed to the wire (fig. 12), remove the glass plate from the mouth 
of the jar, and plunge the lighted taper into the gas, withdrawing 
it again as soon as the result has been observed. Notice that 
the taper is extinguished while the gas itself does not catch 
fire ; thus showing it to dilfel from oxygen, in which the taper 
continued to burn, and ' from ^hydiogen, which extinguished 
the taper, but was itself inflamed. 

[If the glass plate is at once replaced on the jar, the same jar of 
gas may be used for the next experiment.] 

(/>) Remove the taper from the wire, and in place of it twist a 

‘ This position is most convenient, although the nitrogen will escape 
rather more quickly than from an inverted jar. 
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small piece of tow round the end of the wire, so- as to form a 
ball about i cm. in diameter. Pour a few drops of turpentine on 
r the ball of tow, set it on fiic, and immerse it in a jar of nitrogen. 
The flame uill be as instantly and completely extinguished as 
the small flame of the taper in the last experiment. 

These are all the experiments which can be readily tried with 
nitrogen, which in the free stale appears as an inactive gas, 
showing very slight chemical aflinitics. 

[Reserve a jar 01 small gas bottle full of nitrogen for use in tlic 
next seiies of experiments.) 


4. AIR. 

Apparatus reauired — I’noiim.rtic trough; gasjm, 20x,icin. ; small gas 
jar, 10x3 ‘^ra. ; small gas houle; graihmteti measme Imltling 200 e.c. ; 
poicelain mortar; ttst-tubes; heaker.s; watch-glass; corks; cork-horcr.s ; 
elbow-tuhcs, one with long hr.aneh ; taper on wire ; uiilia-rubher rings 
about 2.5 eni. in diameter; pieeeof binall-siral iniHa rubber tubing, about 
40 or 50 cm. long ; piece of fine br.ass wire 30 cm. long. 

Phosphorus; dry calcium chloiiilc; sotutum of calcium hydrate (lime 
water); ether; bottle of nitrogen (riscrvcd fiom the last exorcise); 
small bottle of oxygen (unless a supidy can be oblained from a gas- 
holder). 

Composition of Air. 

You have already made an c.xjiorimciu (p. 137) which provs^s 
that air consists of mote than one suhstaiue, and you have 
separated and examined one of its ingredient.s, nitiogon. The 
other chief Ingredient, oxygen, cannot, uufoUunately, he 
obtained from it in the free condition by any simple 'means. 
You may now proceed to examine more exactly in what pro- 
portions these two ingredients, nitrogen and oxygen, arc present 
in ordinary air. , 

We may obtain proofs of the e.xact composition of air in two 
ways ; — ,, 

((?) By analysis ; i. e. by separating it into substances whicli 
we can prove to be oxygen anti nitrogen, and observing the 
quantities of each, which are obtained from a given amount 
of air. 

ib) By synthesis ; i. e. by mixing oxygen and nitrogen in the 
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proportiojis iadicaled by analysis, and observing whether the 
resulting product has the same properties as air. 

Analysis of Air. 

For this purpose we may conveniently employ phosphorus: 
not, however, kindling it and thus causing it to withdraw the 
oxygen quickly, but allowing it to act at the ordinary tempera- 
ture for several hours. The cj’lindrical measure will do pretty 
well instead of a regular gas measuring-tube, if one of the latter 
is not at hand. 

Fill a small test-tube about half-full of water, put into it 
enough phosphorus to form a stratum about i cm. deep, and 
place the tube in a beaker of nearly boiling water until the 
phosphorus is melted. Make a small loop at the end of a piece 
of fine brass wire about 30 cm. long, by coiling it round a glass 
rod or pencil, plunge the looped end of the wire into the liquid 
phosphorus, and cool the tube by holding it in cold water. 
When it is quite cold, fill up the tube with water, pull out the 
wire with the lump of phosphorus attached to it (this may 
requiie the tube to be dipped into hot water again for 
a moment only, to loosen the phosphorus from the sides), and 
put it at once into a dish of water until wanted. 

Put the graduated cylindiical measure mouth downwards into 
a porcelain mortar nearly full of water, pushing up into it the 
end of a piece of smalJ india-iubber tube. Suck air out of 
the jar through the tube until tlie wateiTevel inside stands exactly 
at the mark 200 c.c. ; then pinch the tube to prevent air 
entering or escaping, and withdraw it from the jar. Incline 
the jar a little and introduce the lump of phosphorus, pushing 
it up by means of the wire nearly to the closed end of the jar. 
Restore the jar to its vertical position and leave it undisturbed 
in a safe place for 12 or 14 houis'. 

[Meanwhile the other experiments on air may be proceeded with.] 

At the end of this time, pull out the phosphorus' attached to 


‘ It should not be left for more than a day, otherwise the air which 
diffuses through the water will vitiate the results. 
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the wire (placing it at once under water*), and lead the volume 
of the remaining gas. To do this it will bt? best to transfer 
r the jar to the pneumatic trough, and lower it in the water until the 
level inside and outside the tube is the same. You will find 
that out of the original 200 c.c. of air, only 160 c.c. (appro.xi- 
mately) remain; and this resitlu.il gas may be shown to be 
nitiogen by decanting some into a gas jar and testing it with 
alighted taper. And since the white liimcs foimed during the 
action of the pho.sphtirus are known to consist solely of a com- 
pound of phosphorus and o.\'3'gen, the (200—160 = ) 40 c.c. of 
gas which have disappeared, may be assumed to he oxygen. 

Then the percentage composition of air by volume can be 
found by the proportion sum 

200: 40:: 100: pen entage of oxygen, 
and 100— the percentage of o.xygen = the volume of nitrogen 
and other gases in too parts of aii. 

Notice the peculiar oppiessive smell of the gas lemaining in 
the jar: both 0X3'gen and nitrogen being ijuitc odouile.ss. This 
is due to the presence of a juxuliai modification of oxygen 
called ‘ ozone! formed during the slow oxidation of tlie [ihos- 
phoius. 

2. Syattiesis of Air. 

Take one of tlie largei cylimlrical gas jais, and graduate it 
into five parts in the following way. Tiy fir.st whether the large 
jar will hold not less than six of the small jars full of water. If 
it holds less than this, slip an india-iubber ling over the small 
jar, about i cm. from the mouth, fill the jar with water up to 
the level of the ring, and try whether about .six times this 
reduced volume wdll fill the laiger jaiv One or two tiials will he 
sufficient to ascertain the proper volume, which is to be the unit 
of measuiement. Now fill the measure {i.e. the .small ja^-) u]i 

* To ctetach the phosphorus from the wire, put it into ti test-tube con- 
taining a little water and immense tlie end of tlie tulie in liol water until 
the phosphonis h.is mielted, wlien llie wile may be withdrawn. The 
test-tube should be left in a slanting position until the phosplioius 
has solidified; the latter may then be shaken out and returned to tlie 
bottle. 
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to the proper ^oint with water, pour the water carefully into the 
larger jar, and mark the level at which it stands by a small 
india-iubber ling slipped over the jar. Add another measure ^ 
of water, and mark the level similarly with another ring. Pro- 
ceed thus until five measures of water have been poured into the 
larger jar. You have now a jar giaduated with sufficient 
accuracy, which should be filled with water and placed inverted 
on the shelf of the pneumatic trough. Decant into it sufficient 
nitrogen, fiom the bottle which was reserved, to fill it to the 
level of the fourth division : then add one measure of oxygen 
(from one of the bottles reserved in Ex. i, or a gas-holder), 
cover the mouth of the jar with a glass plate, and invert it 
once or twice (retaining the glass plate firmly in its place with 
one hand) so as to mix the gases thoroughly. Observe that no 
heat is produced, as would be the case if the gases were 
chemically combining. Place the jar mouth upwards on the 
table and immerse in it a lighted taper. The latter will not 
bum biillianth’ as in oxygen (p. 121) or be extinguished as in 
nitrogen, but will continue to burn as it did in the external air h 
Other experiments would show that the mixture possessed all 
the properties , of common air, and thus we have a proof by 
synthesis that 5 volumes of air consist (approximately) of 4 
’■olumes of nitrogen and i of oxygen. 

3. Experiments upon other suhstanees present in air. 

Besides oxygen and nitrogen, perceptible quantities of carbon 
dioxide and water vapour are present in air. Their presence 
may be shown as follows : — 

(a) Carbon dioxide. 

Pour a little lime wajier into a watch-glass, and leave it 
exposed to the air for ten minutes or more. A white film will 
form,on the surface, proving the presence of carbon dioxide in 
the air of the room. 


' The brilliancy inay be slightly increased, since a,ir is not entirely freed 
from oxygen by the action of phosphorus under the above conditions, 
and hence the mixture would contain rather more than the proper amount 
of oxygen. 
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{b) Water vapour. 

Pour a few drops of eilier’ into a large cliy test-tube (taking 
^ care that no lighted lamp is near) and make it evaporate quickly 
by blowing air into it through an elbow-tube (best with a pair of 
bellows, since the wannth of the breath intei I'eres with the cooling 
effect). The outside of the tube will become very cold, and 
cool the air near it ; and a deposit of dew or even ice will 
appear on it, proving tliat water vapour is present in air, and 
only requires to be cooled down to a ceitain jioiiit in order to 
be condensed and sliow itself in a visible form. 

Both the carbon dioxide and the water v.tpmu' in air come 
chiefly from veiy similar souices, viz. the combustion of candles, 
files, Ac., and the breathing of animals. These fact.s may be 
illustrated in the following way. 

Sources of the carbon dioxide. 

1. The burning of candles. 

Put a little lime water into a small gas bottle, and shake it uj). 
It will not become cloudy, since the amount of caibon dioxide 
in the air contained in the bottle is extremely small. Now light 
the taper aflixed to a wire, place it in ihc^ bottle, jiud allow it to 
burn there, laj’ing the stopper loosely on the month of the 
bottle, to pieveni entiance of air. When it goes out, lemofe 
it from the bottle, insert the stopper and .shake uj) the lime 
water. It will become milky, jiroving that carbon dioxide has 
been formed ; the carbon of the wax having combined with 
the oxygen of the air. 

2. The breathing of animals^. 

An experiment showing that caibon dioxide is produced in 
respiration has already been made, p. 69 : it may be repeated in 
a more exact way, as follows. 

Adapt a cork to a large test-tube (taking care to soften the 


‘ If ether is not at hand, benzoline (sueli as is used for lamps) will 
answer ; or a little pounded ice (or snow) and salt may be put into the tube. 
Or a freezing mixture may be made by mixing 8 grins, of finely powdered 
sodium sulphate with 5 c.c. of strong common hydrogen cliloride. 
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cork thoroughly by squeezing it, or it may break the tube) ; 
bore two holes in the cmk and fit into them elbow-tubes as 
shown in fig. 7 5 - The long branch of one elbow-tube should * 
reach nearly to the bottom of the test-tube, 
the short branch of the other sh ould only 
just pass through the cork. Fill the test-tube 
about one-third full of lime water, and suck 
air thiough the liquid for a few seconds, 
applying the mouth to the extremity of the 
short elbow-tube. No turbidity will be pro- 
duced, the quantity of carbon dioxide in the 
air being very small. Now, having taken a 
deep breath, apply your mouth to the other 
elbow-tube (the long branch of which passes 
into the liquid), and blow air from the lungs 
through the lime water. The latter will almost 
immediately become turbid, showing that 
much carbon dioxide is present in air which is 
expired from the lungs ‘. 

Sources of the water vapour. 

1. The burning of candles. 

Hold a beaker inverted over the flame of a gas burner or 
candle ; its surface will become covered with moisture, owing 
to the combination of the hydrogen of the gas or wax with the 
oxygen of the air. 

2. The breathing of animals. 

Strew a little powdered calcium chloride upon a glass plate 
and breathe upon it. It will soon become liquid, showing that 
abundance of moisture is present in the breath. 



^ The reason why carbon dioxide does not accumulate in the air will be 
alluded to under the head of carbon dioxidb (p. 194). 
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COMPOUND OF NITROGEN WI'I'H HYDROGEN. 

6. AMMONIA. 

[Formula of nioicciili;, H., N 
Weiylil. „ 17 hydrogen-atoms.] 

Appai’atirs raciuirad. — Florence flask; corks; coik-borers ; elbow-tubes, 
one with long branch; diying lube, fig. 23; India iiiblier connector; 
retort-stand; Bunsens holder; wooden blocks; s.ind-bath; argand 
burner; iiorcelain inorl.ar; scales and weights; .sm.all jiorcelain disk; 
test-tubes; taper on wire; g.as jar, 20x5 cm,; one laige and four small 
gas bottles ; glass disc ; pan of wau r ; beaker ; llask with Hat bottom, 
holding about 250 c.c. ; piece of pl.atinum wire about i.i; cm long; card; 
glass rod. 

Ammonium chloiide (sal ammoniac} ; iiuicklime; small bits of flannel 
(or silk} and c.alico ; box of test-papers; strong solution of ammonia 
(ammonium hydrate) ; strong hydrogen chloride ; dilute hydrogen 
sulphate : solution of indigo sulphate. 

Sources of Ammonia. 

Nitrogen and hydrogen can only will) great difficulty be 
caused to unite directly; but when oigaiiic .substances which 
contain both the elements, such as leather; wool,aiilk, or gelatine, 
are decomposed, some of the nitrogen and hydrogen unite to 
form ammonia, 'i'he following cxiicriment illustrates this;— ■- 
Place a small bit of flannel (or silk) about i cm. squat c in 
a small test-tube, supiiort it in a Bunsen’s bolder, as in lig. 
62, p. 77, but ncaily liorizonlally, and heat it rather strongly. 
The substance will become blackened or ‘charted,' showing 
the piesencc of cat bon; water will condense in llie tube, 
[iroving that it contains hydrogen and o.xygen ; while strong- 
smelling volatile compounds of nitrogen will be given olT, 
among tvhich are ammonium carbonate and ammonia. The 
latter may be recognised (i) by its alkaline leaction on tp strip 
of reddened litmus-paper moistened and held in the tube ; 
(2) by the white fumes (of ammonium chloride) foimed when 
a glass rod dipped m strong hydrogen chloiide is held in the 
issuing vapours. 

If a piece of paper or calico (substances which contain no 
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nitrogen) is healed in the same way, the vapours evolved will 
give no alkaline reaction or white fumes when tested as above 

Coal contains nitrogen, as well as hydrogen, oxygen, and ' 
carbon, and the compounds of ammonia obtained from it in 
the manufacture of coal-gas aie acted on with hydrogen 
chloiide (as illustrated in the second of the above tests) and 
form ammonium chloride (‘ sal ammoniac ’). This salt is the 
usual source fiom which ammonia is prepared, as described 
below. 

Preparation of Ammonia. 

The gas is usually obtained by gently heating a mixture of 
ammonium chloride and quicklime. The precise nature of the 
action will be explained later (p. 149); but meanwhile it 
should be noticed that water is one of the products, and that 
the ammonia must be freed from water vapour by passing it 
over fragments of quicklime in a 'drying tube.’ The gas is 
extremely soluble in water, so that it cannot be collected over 
the pneumatic trough (unless meicury instead of water is used). 
But it is so much lighter than aii that it may be readily 
collected by upward displacement (p. 108). 

Weigh out 15 grms. of sal ammoniac, and reduce it to 
powder in the mortar. The salt in its sublimed state is so 
tough as to render this rather difficult *, and more may be 
effected by diiect blows of the pestle, especially if aided by a 
thrust and slight twist of the arm at the moment of impact, 
than by the usual lubbing motion. Place the powdered salt 
in a basin and set it to dry on the sand-bath over the lamp, 
occasionally stiiring it to prevent its caking together. Mean- 
while reduce 30 grms. of quicklime to fine powder in the 
mortar^; then cover the'mortar with a plate, to protect the 
lime from the moisture and carbon dioxide of the air. 


^ On the contrary, the vapours will be found to be acid, owing to 
hydrogen acetate (acetic acid) being formed 

“ It should be bought in a state of powder if possilde. 

“ If the quicklime is very hard and difficult to powder, it may be slaked 
as directed on p. 66, care being taken to use as little water as possible, so 
that the calcium hydrate may be perfectly dry. 


L 2 
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An apparatus should now be fitted up as shown- in fig. 76. 

Adapt a cork to a clean di-y Florence flask, and fit into the 
cork an elbow-tube each branch of which is about 8 cm. long. 
Fill the drying tube with fragments of quicklime about as large 
as split peas in the manner described on p). 12. Fit the end of 
the elbow-tube into the perforated coik of die drying tube, and 
support the flask in the Bunsen’s holder ’ at such a height that 
the lamp will go easily underneath it. 



Fig. 76. 


.The ammonium chloride may noiit be taken from the sand- 
bath and set aside to cool ; the cooling may be hastened by 
spreading it out on a sheet of paper. ^ 

Next, adapt a large flat cork to the smallest ring of the 
retort-stand, and bore a hole in it, through whioh the long 


^ A notch should he cut across the cork, near the end of each jaw of the 
holder (if this has not been done already), in order to grasp the neck of 
the flask more securely. 
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branch of the> other elbow-tube should be passed so that its end 
may be about 12 cm. above the cork. Clamp the retort-ring 
in the position shown in the figure; one of the larger rings 
being fitted on above it, for the purpose of steadying the 
bottles while they are being filled. The retort-stand must now 
be supported on blocks at such a height that the drying 
tube may be horizontal when its end is connected with the 
elbow-tube by a short bit of india-rubber tubing, as shown in 
the figure. 

The ammonium cUoride will by this time have cooled, and 
should be mixed quickly and thoroughly with the quicklime 
in the mortar. The mixture should be shaken out on a half- 
sheet of paper and transferred at once to the flask, in the 
manner shown in fig. 52, p. 59 (the cork with elbow-tube being 
left resting on the Bunsen’s holder). 

Having restored the flask to its place and fitted the cork 
tightly into its neck, place one of the smaller bottles inverted 
over the up-turned end of the elbow-tube so that its mouth 
tests lightly upon the cork in the retort-ring (see the engiaving). 
The flask may now be gently heated by the argand burner 
with a small, flarne, a piece of wire gauze being laid on the top 
of the chimney of the burnei (for the fiist minute or two only), 
to distribute the heat. 

[If a spirit lamp must be used, it should be moved to and fro 
under the flask, the flame being never allowed to rest in one place, 
otherwise the flask is apt to crack ; an accident which is not un- 
likely to happen in any case, as the substance to be heated is a 
solid of low conducting power, and not a liquid, which would dis- 
tribute the heat by convection.^ 

The chemical change which takes place is of the following 
kind. — Ammonium chloride consists of nittogen, hydrogen, 
and 4:hlorine ; quicklime consists of calcium and oxygen. 
When the two substances are gently heated together, the 
calcium combines with the chloiine, and the oxygen takes all 
the hydrogen it requires to form water, while the rest of the 
hydrogen combines with the nitrogen to form ammonia. 

The following diagram expresses the nature of the action, 
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and bhows also ihe exact weights of all the substances con- 
cerned. 


Sul)stnncefi taken. CompoMtion. 


Substances obtained. 


Ammonium 
chloride, 
107 parts 


Calcium 
oxide, 
56 parts 


Nitrogen, a.S pints 
Hydrogen, 8 parts 
Chlorine, 71 paits 
Oxygen, 16 parts 

C.alciuin, 40 parts 



1 Ammonia, 
1 34 Purts. 

J Water, 

1- 18 parts. 

Calcium 
chloride, 
m parts'. 


Wliile the bottle is being filled you may grease its stopper 
and those of the other bottles, and also fit a good coik to 
the neck of the large gas bottle, for use in expt. 5. 

The gas conies off at a comparatively low tempeiature, and 
fiom its lightness collects in the highest part of the bottle, 
driving the air downwards before it, which will escape between 
the edge of the bottle and the coik. To ascertain when the 
bottle is full of gas, hold a piece of tuuneric paper (moistened 
by being breathed upon) near its neck and sliglitly above its 
mouth. If the gas is overflowing, it will quickly and decidedly 
redden the test-paper. Remember, however, thai a very little 
ammonia is sufficient to act on the paper ; and hence it is 
advisable to leave the bottle in its place for about half a minuf? 
longer after the above effect has been observed, to ensure 
its being leally full of gas. The bottle should then be slowly 
laised until clear of the delivery tube, and the stopper inserted 
at once. Anothei bottle may then be placed in the same 
position and filled in like manner ^ Fill foui small bottles and 


‘ The iollowing e<[u.'ition expresses the action, — • 

3 (,HiNj Cl + C.-i 0 = CaCl2 + H20+ 2H3N 
The weight and volume of ammonia obtainable from the 15 grms. of 
ammonium chloride may be caiciilated on the principles already exjffained 
(see note, p. iro). Tlie question is, — If 107 parts by weight of ammonium 
chloride yield 34 parts of ammonia, how much will ' 1 5 grms of the salt 
yield ? 

(i litre of .ammonia weighs 0-76 grm,, nearly.) 

^ The same piece of turmeric papei may be used over and over again 
in testing for the gns; since, owing to the volatility of ammonia, the paper 
soon re-absumes Us yellow colour. 
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one large bottle with the gas, then withdraw the lamp, dis- 
connect the elbow-tube from the drying tube, and place the 
holder with the flask (still fitted with the cork and elbow-tube) 
in a draught-cupboard or in the open air. 

[Before putting away the drying tube, the quicklime in it 
should be examined and any of it which appears slaked by the 
moisture should be taken out and thrown away. A bit of glass rod 
should then be put into the hole in the cork, and the other end 
of the tube stopped with a plug of cork, to prevent entrance of 
moisture.] 

Properties of Ammonia. 

*1. Its peculiar odour and its alkaline action on 
turmeric paper will have been noticed already. 

2. Its lightness has been sufliciently proved by iis collection 
by upward displacement. 

3. Its rapid diffusibility. 

Place an empty gas jar, mouth upwards, on the table, and 
diop into it strips of wetted reddened litmus and turmeric paper. 
Bring over the mouth of the jar a small bottle of ammonia inverted, 
remove the stopper and place the mouths of the bottle and jar 
in contact for a few seconds. The gas, m spite of its low 
density, will diffuse downwards through the air; the reddened 
litmus will become blue and the turmeric led; thus showing 
at once the alkaline reaction of ammonia and its quick rate of 
diffusion. 

4. Its relation to ordinary combustion. 

Support a small bottle of ammonia on the smallest ring of 
the retort-stand (the cork being taken out) in the same position 
as when it was being filled. Withdraw the stopper and pass a 
lighted taper slowly up into the bottle. The taper will be 
extinguished, but the gas will show a tendency to burn with 
a greenish flame at the mouth of the bottle. The oxygen of 
the air, in fact, is just able (when heated) to decompose the 
ammonia, combining with its hydrogen but leaving its nitrogen 
nearly untouched. 

[The feeble inflammability of ammonia in air may be shown by 
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restoring to its place the flask, fitted with elbow-tube, which was 
put aside just now, heating it so as to generate a little more 
ammonia, and bringing the flame of a Bunsen’s bumei close to the 
extremity of the tube from which the gas is issuing. A yellowish- 
green flame will be seen.] 

5. Its solubility in water. 

Fill the supplementary pan of the pneumatic trough (or a 
basin) with water. Place a dry glass plate on the table, bring 
over it a small bottle of ammonia, mouth downwards, remove 
the stopper, and bring the mouth of the bottle at once down 
upon the glass plate. Then, still keeping the bottle invetted 
and the plate closely pressed against its mouth, plunge it below 
the surface of the water in the pan and withdraw the glass 
plate. The water will rise in the bottle, especially if the latter 
is gently shaken, and will fill it entirely if the gas is unmixed 
with air. There will usually be a small residue of air, and you 
will thus gain an idea how far you have been successful in filling 
the bottle by displacement. 

The water in the bottle will be found to have gained the 
smell and alkaline reaction of the gas, and to have a caustic 
taste. It has, in fact, combined with the ammonia, not merely 
dissolved it, and the liquid is a solution of ammonium hydrate 
(the common ‘ solution of ammonia ’ which you will often hav^ 
occasion to use in testing) h 

[Another experiment illustrating the solubility of ammonia may 
be made, if time permits, as follows.— Take the cork which was 
recently fitted to the large gas bottle ; boic a liole in the centre and 
fit into it a glass tube about i8 cm. long, ending m a jet (the pipette 
alieady made, p. 32, will do very welj), so that the jet may project 
about 5 cm. within the bottle. Fill a beaker with water and 
add to It a few drops of solution»of litmus together with one drop 
of dilute hydrogen chloride to make the litmus red. Twist a small 
piece of moistened tow round the tube just below the jet^this 
is for the purpose of beginning the absorption). Put the beaker 

* The followng equ^ou expresses the action — 

Ammonia. Water. Ammonium 

hydrate. 

HjN + H2O - (HiN)HO 
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on the iron .base of the retort-stand, and clamp one of the 
smaller retort-rings at such a height that when the neck of the 
bottle rests on it the end of the tube may- 
reach nearly to the bottom of the beaker. 

Now inveit the large bottle of ammonia, 
take out the stopper and quickly fit the 
cork into its place (still keeping the bottle 
inverted), and plunge the outer end of the 
tube into the beaker of coloured water, 
see fig. 77. The pressure of the external 
air will force the water up the tube, as 
the ammonia is absorbed and a vacuum 
made in the bottle, and a fountain will be 
formed, the led litmus becoming blue under 
the action of the ammonia.] 

*6. Its combination -with other 
radicles. 

Ammonia shows a gieat tendency to 
combine directly with salts of hydrogen {i.e. the substances 
called acids), associating their hydrogen more closely with itself 
to form the radicle 'amhonium,’ containing 14 parts by weight 
of nitrogen combined.with 4 parts of hydrogen (instead of willi 
3 parts, as in*ammonia). Thus, when ammonia is brought into 
contact with hydrogen chloiide the two gases combine to foiin 
the salt ‘ ammonium chloride the substance, in fact, from 
which you prepaied the gas. 

Dip a glass rod into strong hydrogen chloride and hold it 
just above the mouth of a bottle of ammonia, lifting the stopper 
for a moment only to let a little of the gas escape. White 

clouds of ammonium chloiide will be formed when the 

* 

gases mix. 

[This reaction is very often made use of as a test for the presence 
of ammonia, and it is slightly preferable to use the strongest hydro- 
gen acetate (‘glacial acetic acid’) instead of hydrogen chloride, 
since the latter itself gives slight white fumes in moist air, which 
might lead to a mistake.] 

The nature and properties of ammonium salts will be more 
fully considered under ammonium. 
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Additional Experiment, " 

tTnion of ammonia with oxygen, under the influence of 
platinum. 

Platinum, as noticed under hydrogen, has a peculiar power of 
causing chemical combination ; and when a 
piece of it is heated and put into a mixture 
of ammonia and air, the oxygen of the air 
combines with both the niliogen and the 
hydrogen of the ammonia (and not with the 
hydrogen alone, as in expt, 4), with fonna- 
tion of an acid, hydrogen nitiite. 

Form a piece of platinum wire, of the kind 
used for blowpipe experiments, about 15 cm. 
long, into a close spiral, by coiling it round 
a glass rod or pencil, and attach it to a strip 
of card sufficiently wide to fit rather tightly 
into the neck of a flask about 250 c.c. in 
capacity. The coil should hang down freely 
in the centre of the flask, about i cm. from 
the bottom, the card forming a diaphragm 
or partition vettically down the neck, as shown in fig. 78, and 
seiving to divide the currents of gas and air. 

Withdraw the coil from the flask, pour a few dfcyps of a strong 
solution of ammonia into the latter, and shake it so as to diffuse the 
ammonia gas thiough the air contained m the flask. Heat tte 
platinum spiral to redness in a Bunsen’s burner, and while it is still 
red-hot plunge it into the flask. The coil will continue to glow for 
some time, and white fumes of ammonium nitrite will be almost 
immediately foimed. The reason is this ; — The hydrogen nitrite 
(‘nitrous add’), formed by the union of the hydrogen and nitrogen 
of the ammonia with the oxygen of the air, immediately combines 
with some of the undecomposed Smmonia to form a solid salt, 
ammonium nitrite • 

The use of the card partition in the neck will now be evident. 



‘ The following equations express the actions, — 

Ammonia. Oxygen. Watei. Hydrogen 

nitrite. 

(i) sHaff + ,3 0 j " sHjO + 2 HNOa 

“;;sr “f 

(ii) 3HNO2 + zHsN * 


Oxygen. } 
3 Oj « a 
Aijimonia, 
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On one side ef it a current of cold (and therefore heavy) air is 
descending into the flask, while on the other side the heated (and 
therefore lighter) vapours and gases are rising and escaping ; thus 
affording a good illustration of ‘ convection-currents ’ in gases. 

If, when the coil of wire has ceased to glow', the flask is gently 
heated by waving it for a few seconds at a little distance above a 
lamp flame, more ammonia gas will be evolved fioin the liquid, and 
the platinum will again become red-hot. After the lapse of a 
minute or two, take out the coil of wire, add 2 or 3 c.c. of water, 
and shake it up in the flask ; then pour the liquid (which may be 
slightly yellow, owing to the presence of nitrogen tetroxide) into a 
test-tube, add enough dilute hydrogen sulphate to render the solu- 
tion strongly acid to test-paper (when the smell of nitrogen oxides 
will be peiceived), then add one drop of solution of indigo sulphate, 
and heat the mixture. The blue colour of the indigo will dis- 
appear, proving, under the conditions of the experiment, that a 
nitrite or nitrate is present (as hereafter shown, p. 160). 

COMPOUNDS OF NITROGEN WITH OXYGEN. 

Nitrogen forms five well-defined compounds with oxygen, a 
list of which is given below, and should be written out in the 
note-book. They or.their compounds will be taken in descend- 
ing order, beginning with compounds i elated to the oxide which 
contains most oxygen, nitrogen pentoxide. 

List of the Nitrogen Oxides. 


Name. 

Composition by 
weijrht. 

Nitrogen j Oxygen. 

Salts related 
lo them 

Examples. 

Nitrogen pentoxide 
j, teti oxide 

,, trioxide 

5, dioxide 

monoxide 

28 parts ; So parts 
28 ,, : 6q ,, 

38 ,, *. 48 

38 „ 133 „ 

38 „ : 16 „ 

Nitrates 

(none) 

Nitrites 

(none) 

(none) 


Hydrogen nitrate. 
I'otassium nitrate. 

Hydrogen nitrite. 
Potassium nitrite. 


[An account of the constitution and foiraulne of the molecules of these 
oxides will be found in Appendix D. I.] 

1« 

' Ky this it is meant that the salts mentioned can be obtained by the 
combination of the oxide with other substances, and that the oxide can 
be obtained flora the salts. 
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8 . NITRATES, 

Formula of 
molecule. 

[Typical examples, — Hydrogen nitrate (‘nitric acid ') HNO3 
Potassium nitrate nitre ’ or ‘ salt- 
petre ’) KNOs 

Ammonium nitrate . . . (H.NlNOa 

Lead nitrate .... Pb(N03)2] 

These are substances which all contain as a common in- 
gredient the KITRA.TE radicle, a substance composed of 14 parts 
by weight of nitrogen associated with 48 patts by weight of 
oxygen, which can be transfer! ed from one of these compounds 
to another, but which has not yet been obtained in a separate 
form (see p. 85). 

It has been seen in the last experiment (p. 154) that ammonia 
can be made to combine with oxygen to form a substance (a 
nitiite) which contains a rathcle composed of nitrogen and 
oxygen. This oxidation of nitrogen goes on in nature on a 
large scale, during the decay or putrefaction of organic sub- 
stances. The ammonia first formed is slowly oxidised to a 
nitrate ; and thus soil is found to yield sifch salts ^as potassium 
nitrate (' nitre ’ or ‘ saltpetre ’), and sodium nitrate ; and it is 
from one or the other of these that the rest of the class &f- 
nitrates are usually obtained. 

Preparation of Hydrogen nitrate. 

Apparatus required — Stoppered (or plain) retort, about 200 o.c. in capa- 
city ; retoit-stand ; sand-bath with sand; urgand, or spirit lamp; flask 
holding about 250 c.c. ; porcelain mortpr; Bunsen’s holder ; funnel, loom, 
in diameter ; beaker ; test-tube stand ; test-tubes in basket ; watch-glass ; 
washing bottle with distilled water ; wdhden blocks ; blotting-paper ; 
lamp cotton, or tow ; cloth. 

Solutions of baiium diloiide, silver nitrate, litmus, indigo sulphate, 
ammonium hydrate, iron protosulphate ; crystallised potassium nitrate ; 
common hydiogen sulphate; bit of worsted or flannel; white feather, 
from a qnill pen ; piece ot thin sheet-lead ; copper filings ; charcoal. 

Hydrogen nitrate (which is the common ‘ nitric acid ’ or 
‘ aquafortis ’) is generally prepared by heating a mixture of 
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potassium nitfate with hydrogen sulphate in a retort. Vapours 
of the acid are given off and may be condensed by cooling the 
neck of the retort in the same way as when water was distilled 
(Sect. I, Ex. 7). 

Measure 20 c.c. of water into a beaker placed on a plate, and 
add to it by degrees 20 c.c. of strong common hydrogen sul- 
phate. This should be done carefully, as great heat is evolved 
by the union of the acid with the water (compare the action of 
quicklime on water, p. 66) and the beaker maybe broken. Add 
only about i or 2 c.c. at a time, and stir with a glass rod. When, 
however, the beaker has got pretty hot, all the rest of tire acid 
may be added at once'. 

While the mixture is cooling, weigh out 20 grms. of potassium 
nitrate, powder the salt roughly in a mortar, and transfer it to 
the retoit, in the manner shown in %. 79. 





Fig- 79- 


Arrange the retort on the ^and-bath, precisely as lor the dis- 
tillation of water, p. 71, putting^ a small beaker temporarily in 
place of the flask as receivei, to collect the first portions of the 
distillate. Pour the diluted acid through the tubulure by means 
of a funnel, taking particular care that none of the liquid passes 
down the neck of the retort ; then replace the glass stopper and 
proceed to heat the mixture at once, since there will be ample 


^ The mixture may be turbid, for a reason explained under SULPHATES. 
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time befoie any acid comes over to provide for th>e cooling and 
condensation of the vapour. 

The condensing arrangement may next be set up, exactly as 
desciibed on p. 71, since the acid obtained by using slightly 
diluted hydrogen sulphate, as above directed, has a higher 
boiling point than water, and is therefore easily condensed. 

The action which goes on in the retort is a ‘ double decomposi- 
tion’ (see p. 83), which may be stated in the simplest form thus, — 
Potassium nitrate with hydiogen sulphate 
yield Hydrogen nitrate and potassium sulphate, 
the potassium radicle changing places with the hydrogen radicle. 
But unless the temperature is very high only one-half of the hydro- 
gen in the hydrogen sulphate is replaced by potassium, a salt called 
potassium-hydrogen sulphate being obtained. This is more 
exactly shown in the following diagram' ; — 


.Substances taken. Composition 


Substances obtained.' 


Potassium 
nitrate, 
101 paits. 

Hydrogen 
sulphate, 
98 parts. 


Nitrogen, 14 parts’k 
Oxygen, 4S parts/ 
Potassium, 39 parts 


Hydrogen, a parts 
/Sulphur, 3a parish 
vO.xygen, 64 parts/ 


-63 ) 

t nitrate, 

- I ' 63 parts. 

- 39 , Potassium- 
" I hydrogen 
j sulphate, 
136 parts. 


When 2 or 3 c.c. of acid have distilled over remove the small 
beaker and substitute for it a flask as a receiver. The heat 
should be regulated so as to keep the liquid in the retort gently 
boiling. 


' Or by the equation, — 

Potassium Hydrogen Hydrogen Potassium-hydrogen 

nitrate. sulphate. nitrate. sulphate. 

KNOs + H„S 04 = HNO, 4 - KHSOi 

The weight of hydrogen nitrate obtainable from the 20 grins, of potassium 
nitrate taken may be calculated in the manner already explained^ the 
problem being, — If 101 parts by weight of potassium nitrate yield 63 parts 
of hydrogen nitrate, how much acid will 20 grms. yield? 

You may also calculate in a similar way what weight of hydrogen 
sulphate is theoretically required for the decomposilion of the 20 gnns. of 
the salt ; and, further, how much the acid you have taken is m excess 
of this quantity, assuming that the 30 c.c. of acid contain 37 gnus, of real 
hydrogen sulphate. 
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While the distillation is going on, you may examine the purity 
of the acid which came over first, and was collected in the 
beaker. Add to it about 10 c.c. of distilled water, and divide the 
liquid between two test-tubes, pouring one-half into each. 

(a) Test the first half of the solution with a drop of solution 
of barium chloride ; shake the mixture and hold it up to the 
light. If a turbidity is perceptible, hydrogen sulphate is present 
as an impurity’. 

(^) To the other half of the solution add a drop of solution 
of silver nitrate. If a precipitate is produced, a chloride is 
present as an impurity, derived from the potassium chloride 
which the nitre of commerce usually contains. 

When ciystals make their appearance in the liquid and on 
the sides of the retoit, put out the lamp, and, as soon as the 
appatatus has cooled a little, withdraw the receiver and leserve 
its contents for use in the following experiments. 

[Leave the beak of the retort resting on the edge of the mortar 
until it is cold, so that no drops of tlie highly corrosive acid may 
fall on the table and do damage. 

If any of the acid gets on the hands, clothes, or apparatus, pour 
on it at once some solution of ammonium carbonate as long as the 
addition causdS effervescence, and then wash with plenty of water. 

The residue in the retort consists of potassium-hydrogen 
sulphate, and may when cool be washed out with a little warm 
water. The retort itself, after being thoroughly rinsed with dis- 
tilled water, should be set aside to dry, supported with the tubulure 
downwards in a Bunsen’s holder or otherwise.] 

Properties of Hydrogen nitrate. 

The acid which you have prepared will be seen to be a nearly 
colouiless liquid^, perhaps giving off slight white fumes, as its 
vapour mixes with moist air, ibr a reason explained under 

* I* must be home in mind that barium nitrate is insoluble in strong 
hydrogen nitrate ; and hence if the solution of hydrogen nitrate is not very 
dilute, a crystalline precipitate may be formed. This, however, is easily 
distinguishable in appearance from barinm sulphate, and will readily dis- 
solve when more water is .added, and the liquid wanned. 

“ It may be slightly yellow, owing to the presence of nitrogen trioxide 
and tetroxide, formed by the decomposition oi the hydrogen nitrate which 
takes place if the temperature in the retort is somewhat too high. 
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HYDROGEN CHLORIDE (the concentrated acid, or ‘aqua fortis,’ fumes 
strongly), having a decided smell, very irritating when breathed, 
and a strongly acid taste. Its taste should be tried only after 
considerable dilution : one drop of the acid on a glass rod, mixed 
with 3 or 4 c.c. of water in a dish, may be used. 

If time permits, the density of the acid may be taken by the 
method described on p. go. It will be found to be decidedly 
higher than that of water. 

*1. Its aotion on litmus. 

Put a little water into a test-tube, add enough solution of 
litmus to colour it strongly blue, and then add a drop of the acid. 
The blue colour will be at once changed to red, showing that 
hydrogen nitiate belongs to the class of substances which have 
an ‘acid reaction.’ 

2. Its aotion on white wool, &o. 

Put a bit of white worsted or flannel and the feather of a quill 
pen into a small porcelain dish, add a few drops of the acid, and 
warm gently. The substances will in a short time be stained 
yellow^; but if the action is continued much longer they will be 
entirely destioyed. Treat a bit of calico^or cotton wool in the 
same way : no yellow stain will be produced. ‘ •- 
‘‘ 3 . Its action on indigo. ^ 

Add one drop of solution of indigo sulphate to 3 c.c. of water 
in a test-tube ; then add a few drops of hydrogen nitrate (observ- 
ing that the acid does not turn this blue colouring matter red) 
and heat the' mixture to boiling. The blue colour of the indigo 
will disappear, only a light brown colour remaining. This is 
due to the hydrogen nitrate giving up oxygen to the indigo with 
formation of a yellowish substance called ‘ isatin.’ 

Preparation of Ammonium nitrate. 

You have already seen (p. 153) that ammonia unites dii'ectly 
with hydrogen chloride to form the salt called ammonium chlo- 
ride. It unites in a similar way with hydrogen nitrate, forming 


' If nny of the acid gets on the fingers they will be stained a very per- 
manent yellow. 
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ammonium njtrate. This salt has neither the acid reaction 
of hydrogen nitrate nor the alkaline reaction of ammonia, but 
' is neutral to test-paper. 

Pour 5 c.c. of the hj drogen nitrate into a porcelain dish, and 
add about 3 c.c. of solution of ammonia (ammonium hydrate). 
Stir the mixture with a glass rod, and place the drop of it which 
adheres to the rod upon a stiip of blue litmus-paper laid on a 
clean white plate, drawing a thin line across the strip. The 
liquid will redden the litmus-paper decidedly. Continue to add 
ammonia cautiously drop by drop, stirring the mixtme, and 
placing a fiesh drop from time to time on an untouched part of 
the strip of litmus-paper. You will find that a time will arrive 
when the liquid no longer alters the colour of the blue litmus- 
paper. When this is the case,, place a drop of it on a piece 
of reddened litmus-paper, and observe whether the red colour 
is changed to blue. If so, pour about i c c. of the hydrogen 
nitrate into a test-tube, dilute it with about five times its volume 
of water, and add it by means of a pipette drop by drop to the 
solution in the dish, stirring thoroughly after each addition and 
constantly trying the action of the liquid on both blue and red- 
dened litmus-paper. ^This operation is called ‘ neutialising' a 
solution, and is frequently used in qualitative analysis. You will 
eventually obtain a solution which does not materially alter the 
colour of either test-paper, and is, in fact, neutral : although we 
know that hydrogen nitrate has an acid- and ammonia an alkaline- 
leaction. The two substances have, in fact, combined to form 
a single salt, ammonium nitrate, which has, as above stated, no 
action on test-paper '. Observe in what exact and definite pro- 
poitions the two substances combine; a single drop too much 
of either showing its presence by its action on the litmus. 

Evaporate the solution on the Sandbath at a .moderate heat, 
taking away the lamp as soon as white fumes begin to appear 
(otherwise the salt will be decomposed). For the sake of com- 
paiison, evaporate also to dryness, on separate watch-glasses, a 

^ The action may be expressed in symbols as follows, — 

Hydrogen nitrate. Ammonia. Ammonium nitrate. 

HNO3 + HjN = (.BI,N)NOa 
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little hydrogen nitrate and a little ammonia : takipg care not to 
pul the watch-glasses very near each other. You will find that 
a white residue will be left in the porcelain dish, while theie will 
be scarcely a trace of a residue left in the watch-glasses. 

The result of this experiment proves that, by bringing ’hydro- 
gen nitrate into contact with ammonia in a certain definite pro- 
portion, a substance, ammonium nitrate, is obtained which differs 
from them in at least two respects, (a) in having no action on 
vegetable colours, (b) in being a crystallisable solid at ordinary 
temperatures. 

Pa'eparation of Lead nitrate. 

Put about I gim. of thin sheet-lead (the lead foil used for 
lining tea chests answers well) into a porcelain dish, pour upon 
it 8 or 10 c.c. of hydrogen nitrate, and heat it on a sandbath (in 
a draught-cupboard, if possible, as the fumes are corrosive and 
poisonous). 

The chemical change is of the following kind ; — the lead dis- 
places htdrogen from the hydrogen nitrate (as zinc was found to 
displace hydiogen fiom hy'drogen chloride, p. 8o), forming 
lead nitrate. But the hydrogen in this, case is not given off 
as gas ; it acts on some of the remaining hydrogen, nitrate, 
taking away so much oxj'gen fiom it that lower nitrogen oxides 
are evolved in the form of oiange vapours. The metal will soon 
dissolve ’, and the solution should be evaporated to complete 
dryness, Mhen lead nitrate will be left as a white residue, and 
should be kept for making nitrogen tetroxide, Ex. 7. 

This is an example of a very common and important use of 
hydiogen nitrate : viz. in the preparation of other nitrates by the 
replacement of its hydrogen by another radicle. Nearly all the 
metals, as will be seen in Sect. Ill, act on it with formation of 
soluble salts. Copper, for instance, as will be almost imme- 
diately proved (in preparing nitrogen dioxide), forms Sopper 
nitrate ; silvei forms silver nitrate (‘ lunar caustic ’) : and so on. 


' It is hardly necessary to remark that in most cases where a substance 
is said to ‘ dissolve in ’ an acid, the phenomenon really consists in the 
formation, by the action of the acid, of a salt soluble in water. 
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(S-eneral Properties of Nitrates. 

[For the following experiments crystallised potassium nitrate and 
a solution of the same salt (made by dissolving 0-5 grm. in 25 c.c. 
of distilled water should be used. In order to make the solution 
quickly, place the proper quantity of the salt in a glass mortar, 
grind it to powder, then add 2 or 3 c.c. of water, and grind the 
whole together. Pour off the liquid into a large test-tube, add a 
little fresh water to the residue in the mortar, and again grind the 
whole together and decant the solution. In this way, by several 
successive triturations with fiesh quantities of water, the whole of 
the salt will soon be obtained in solution, and the liquid should 
then be put into a measure and made up to the required volume.] 

*1. They give up oxygen readily. 

Put a small crystal of potassium nitrate into an ignition tube 
(fig. 42, p. 42), add a splinter of charcoal, and heat over a 
Bunsen’s burner. The salt fuses, and when the charcoal 
becomes led-hot a vivid deflagration will take place, owing to 
the decomposition of the nitrate and oxidation of the charcoal ; 
the oxygen uniting with the potassium and some of the carbon 
to form potassium carbonate, and with the rest of the carbon to 
form carbon dioxide, which is given off together with nitrogen gas. 

This illustrates one of the great uses of potassium nitrate, 
■’dz. in the manufacture of gunpowder, which is merely an 
intimate mixture of potassium nitrate, chaicoal, and sulphur. 
The force of the explosion of gunpowder depends on chemical 
actions similar to that just described; the nitrate giving up 
oxygen not only to the charcoal but also to the sulphur, with 
formation of a large volume of gases. 

’^2. They destroy the blue colour of indigo. 

Pour 3 or 4 c.c. of wateii into ij test-tube, and add about half 
its volume of strong pure hydiogen sulphate, dropping in the 
acid iitile by little, lest the tube should be broken by the heat 
evolved. Next, add just sufficient solution of indigo sulphate to 

' In cases where, as here, a solution of salt is prepared for the purpose 
of being tested, the strength of the solution is such that 50 c c. of it would 
contain (approximately) a weight corresponding to that of a molecule of 
the substance, expressed in centigrammes. See Appendix B. 
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colour the liquid distinctly blue, and heat the inixlure to boiling. 
The blue colour of the indigo will remain unaltered, if the acid 
is pure (see note '). 

Now add a few diop'^ of the solution of potassium nitiate and 
boil again. Hydrogen nitrate will be formed by the same 
double decomposition as in the preparation of the acid, p. 158, 
and the blue colour of the indigo will disappear entirely, for 
the reason already explained, p. 160. 

*3 They are acted on by copper, with formation of 
lower nitrogen oxides. 

Pour into a test-tube 2 or 3 c.c. of the solution of potassium 
nitrate ; add an equal volume of stiong hydrogen sulphate, drop 
m a bit of copper wire (or, better, copper filings) and warm 
gently. Nitrogen dioxide will be given off, and may be recog- 
nised by the orange vapouis which it forms with the oxygen of 
the air in the tube. These may be most distinctly seen by 
placing the tube on a piece of white paper and looking down 
into it. The chemical change will be more fully explained 
under nitrogen dioxide. 

' 4. They act on iron protosulphate, with formation of 
a brown compound. ' <" 

Place a little solution of potassium nitrate in a tube, add nn 
equal volume of hydrogen sulphate as in the last expeiiment, 
and cool the mixture by holding the test-tube in a stream of 
water. Then, holding the tube in a slanting position, pour as 
slowly as possible down the side (most conveniently from a 
pipette) a solution of iron protosulphate, so that the lighter 
solution may not mix with, but float upon, the lieavier; and 
leave the tube undisturbed in the test-tube stand for a few 
minutes. A daik blown ringiwill eventually be foi-med at the 
line of junction of the two liquids, which will be best seen by 
raising the test-tube to a level with the eye and holding a'^piece 
of white paper behind it. In this case the nitrate has given up 


‘ Hydrogen sulphate 13 liable to contain nitrates, in which case the blue 
colour of the indigo will disappear. If so, add another drop or more of 
indigo sulphate, until the liquid remains blue even on boiling. 
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oxygen to the "iron protosulphate, with formation (as in the last 
expt.) of niti ogen dioxide. This latter combines with the excess 
of iron piotosulphate to form the biownish-black compound. 

If the mixtuie in the tube is now heated, the dark stratum 
will disappear with effeivescence due to the liberation of nitro- 
gen dioxide. 

This IS a very characteiistic test for the presence of nitrates ; 
and it also illustrates the principle of a good method of pre- 
paring nitrogen dioxide (p. 173). 

Additional Experiment. 

Beduotion of nitrates by nosoent hydrogen, with formation 
of ammonia. 

When hydiogen is just in the act of being liberated from a com- 
pound, or is ‘nascent,’ as it is called, it shows unusually strong 
powers of acting on and combining with other substances. For 
instance, it will, under these circumstances, decompose nitrates, 
combining (a) with their oxygen to form water, (^) with their nitro- 
gen to fonn ammonia. 

Put about 2 gnus, of caustic potash (potassium hydrate) into a 
test-tube, add 5 c.c. of water, and shake until the potash is dis- 
solved; then drop in twb or three small pieces of granulated zinc, 
add one drop of solution of platinum perchloride and warm gently, 
r'lpporting the tube on wire gauze laid on a ring of the retort- 
stand ; the smallest retort-ring being placed round the tube to hold 
it upright. Hydrogen gas will be evolved hand may be recognised 
by covering the mouth of the tube with a bit of paper or card to 
confine the gas, and after a few seconds introducing a lighted 
match into the tube. Hold a piece of moist reddened litmus-paper 
at the mouth of the tube : no change of colour will be observed, if 
the potash is pure. (If the paper turns blue there must be some 
nitrogenous impurity in th^ potash, and the boiling must be con- 
tinued until the vapours cause no* change of colour in the test- 
paper^) Now drop in a small crystal of potassium nitrate, keeping 

' The zinc replaces hydiogen in acting upon potassium hydrate, precisely 
as It does in acting upon hydrogen sulphate, 

Zn + sKHO = Zn K2O2 -f H3 

The platinum reduced as a black powder upon the rinc promotes the 
action by forming with the zinc a galvanic couple (compare the galvanic 
aclion between zinc and platinum in the experiment illustrating analysis 
by electricity, p. 79). • 
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the mixture heated. Ammonia will very shortly be formed, and 
may be recognised by its odour and its action on a piece of 
reddened litmus-paper held at the mouth of the tube. 

From the nitrates all the nitrogen oxides can be obtained. 
Thus hydrogen nitrate may by the action of phosphorus pent- 
oxide be separated into nitrogen pentoxide and water; the 
process, however, is neither easy nor safe enough for the 
beginner to attempt All the other oxides can be obtained by 
withdrawing the proper quantity of oxygen from a nitrate, and 
they will be prepared and examined in due oider. 


7. NITROGEN TETROXIDE. 


[Fonnula of molecule, N^O, 

Weiglit „ 92 hydrogen-atoms.] 

Apparatus required. — Bunsen’s holder; nrgnnd burner; test-tube about 
1-5 cm. in diameter; retoit-stand; sand-bath; lead nitrate (already pre- 
pared, p. 162); test-papers; cork to fit test-tube. 


Preparation of Nitrogen tetroxide. 

The nitrate usually employed to obtain thfseoxide is lead 
nitrate, which when heated gives off a mixture of nitrogen 
tetroxide and oxygen. ^ 

Scrape together the residue of lead nitrate which you ob- 
tained by dissolving lead in hydrogen nitrate (p. 162), and heat 
It m the dish on a sand-bath, stirring it constantly, until it is 
thoioughly dry. Then put it into a moderate-sized test-tube 
supported in the Bunsen’s holder (as in fig. 62, p. 77), and heat 
it pretty strongly over an argtfnd burner. A deep orange 
vapour will be given off, which is nitrogen tetroxide. 

The chemical change is expressed by the following diagiam'. 


‘ Or by the following equation, — 
Lead Lead 

nitrate. oxide. 


Oxygen. 


Nitrogen 

tetroxide. 


2 Pb(N 03 'ij.* 2PbO -r O3 -i- sNjO, 

The presence of oxygen in the tube may be shown by introducing a 
glowing match (nitrogen tetroxide itself having no tendency to support 
combustion). 
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Substance taken. • Composition. 


.Substances obtained. 


Lead 
nitrate, 
331 parts. 


Lead, 207 parts 

— — 307 

Oxygen, 96 parts 

— 16 

Nitrogen, 28 parts 

16 


64 


38 


Lead 
oxide, 
333 parts. 

Oxygen, 
16 parts. 

Nitrogen 
tetroxide, 
93 parts. 


Properties of Nitrogen tetroxide. 

1. Its deep orange colour lias been already' noticed. This 
becomes much more intense when the gas is heated, as may be 
shown by heating the lower half of the tube more strongly. 
After the ne.xt experiment has been tried, allow the tube to cool, 
closing its mouth loosely with a cork ; observe that the vapour 
becomes much paler in colour as it cools. 

2. Its action on water, forming acids. 

Nitrogen tetroxide combines readily with water, forming two 
acids, hydrogen nitrate and hydrogen nitrite. To prove this, 
moisten a piece of blue litmus-paper with distilled water, and 
dip it into the tube; it will be strongly leddened. 


8. NITROGEN TRIOXIDE. 


[Formula of molecule, NjOj 

Weight „ 76 hydrogen-atoms ] 


Apparatus required. — Retort-stand ; wire gauze ; argand burner ; test- 
tube, about r-.s cm. in diametei ; china plate; test-papers; blottmg- 
paper. • ^ 

btarch ; strong hydrogen nitrate ; solution of potassium hydrate ; 
disjjilled water. 


Preparation, of Nitrogen trioxide. 

This gas is obtained, though not in a pure condition, by the 
action of starch on hydrogen nitrate. 

Put a little staich (about as much as will lie on the end of a 
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spatula) into a test-tube, add about 3 drops of water and mix it 
with the starch by a thorough shaking. Then add 3 c.c. of 
strong hydrogen nitrate, mix the whole thoroughly, and heat it 
cautiously, supporting the tube on wire gauze placed on a ring 
of the retort-stand, and placing the smallest retort-iing round 
the tube to hold it upright. The lamp should be removed as 
soon as an effervescence begins. The liquid will turn yellow, 
and orange vapours of nitrogen Irioxide, resembling in colour 
those of the tetroxide, will be given off. 

The chemical change is rather complicated, but the general 
nature of it is that the carbon and hydrogen of the starch take 
away some oxygen from the hydrogen nitrate, leaving enough 
combined with the nitrogen to form nitrogen trioxjde. 

Properties of ITitrogen trioxide. 

1, Its orange colour has been noticed already. It does not 
vai y in intensity with the temperature like that of the tetroxide. 

2; Its action on water, forming hydrogen nitrite. 

Moisten a piece of blue litmus-paper, and introduce it into 
the tube. It will be strongly reddened, as the gas combines 
with the water to form hydrogen nitrite (‘ nitrous, acid ’). 

3. Its combination with potassium hydrate. 

Nitrogen trioxide unites with most oxides or hydrates oL 
metals, forming a class of salts called nitrites (the termination 
-ITE implies that the radicle contains less oxygen than that with 
the termination -ate, viz. the nitrate radicle), of which potas- 
sium nitrite may be taken as an example. 

Fold a small piece of blotting-paper into a strip narrow 
enough to go into the test-tube, lay it on a plate and moisten it 
with a few drops of solution of potassium hydrate ; then intro- 
duce it into the tube filled with 'the vapours of nitrogen trioxide. 
The vapours will be quickly absorbed by the potassium hydrate 
(as proved by the complete disappearance of the orange colour 
in that part of the tube), with formation of potassium nitrite h 


* Potassium ' Nitrogen Potassium vv 

hydrate. trioxide. nitrite. 

sKHO -s N2O3 - aKNOj -t Hj ,0 
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Additional Experiments. 

Properties of Eitrites. 

[Typical ejfamples, — Hydrogen nitrite, HNOj 
Potassium nitrite, KNOj] 

[For use in the following experiments 0-5 grm. of potassium nitrite' 
should be dissolved in 30 c.c. of water, as directed in the case of potassium 
nitiate, p. 163.] 

Nitrites are remarkable as showing both ‘oxidising’ and ‘re- 
ducing’ powers: i.i. they show a tendency, not only to give up 
some of their oxygen to other things, but also to take away oxygen 
from substances capable of yielding it. 

1 . Oxidising properties of nitrites. 

{a) They destroy the blue colour of indigo. 

Make a strongly acid solution of indigo precisely as directed m 
expt. 2, p. 163 ; add to it a few drops of the solution of potassium 
nitrite, and boil the mixture. The blue colour of the indigo will 
disappear as in tlie case of the nitrates, and for a similar reason, 
vis. that the nitrite gives up oxj'gen to the indigo. 

{b) They oxidise iron proto sulphate, with formation of 
nitrogen dioxide. 

Pour 3 or 4 c.p. of solution of iron protosulphate into a test-tube, 
add about half as much strong hydrogen sulphate, and cool the 
piixture in a stream of water. Then add a little of the solution of 
potassium nitrite. The liquid will turn brownish-black, and on 
being heated will give off nitrogen dioxide and become light yellow. 
The action is precisely similar to that already explained in the case 
of nitrates (see expt. 3, p. 164), but it takes place much more readily 
with nitrites. 

In the above two experiments nitrites are seen to resemble 
nitrates; but in the experiments which follow they will be shown 
to differ considerably from the latter. 

(r) They liberate ioi&ne frem hydrogen iodide. 

Put a few drops of solution of potassium iodide into a test-tube, 
add about 10 c.c. of water and five or six drops of dilute hydrogen 


' Or, if no potassium nitrile is at hand, the strip of blotting-paper on 
which potassium nitrite was formed in the last experiment, together with 
a couple of other pieces siniilaily tre.ited (being left for a minute or more 
111 the stream of nitiogen trioxide'l may be put into a beaker and stirred up 
with about 10 c.c. of water to dissolve the potassium nitrite. 
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sulphate. The liquid now contains hydrogen iodide, formed by 
double decomposition'. 

Add to this a diop of the solution of potassium nitrite ; iodine 
will be at once liberated, colouring the liquid yellow^. 

In this action, the nitrite has given up oxygen to the hydrogen of 
the hydrogen iodide ; water being formed and iodine liberated. 

[Compare this result with the action of nitrates; which, though 
they contain inoie oxygen than nitrites, do not give it up so readily. 

Make a little more solution of hydrogen iodide, as above directed, 
and add a drop or two of solution of potassium nitiate. No imme- 
diate liberation of iodine will be observed. Hence this reaction 
may be used to distinguish between nitrites and nitrates.] 

2. Eeducmg properties of nitrites. 

This is best seen in the manner in which they separate mercury 
from its salts. 

Pour some solution of potassium nitrite into a test-tube, and add 
a drop of solution of mercuiy protonitrate A gray precipitate of 
metallic mercury will be produced ; the metal having been ‘ re- 
duced ' (an old alchemical term) from its combination with the 
nitrate radicle, while the potassium nitrite is converted into potas- 
sium nitrate h 

‘3, Formation of hydrogen nitrite, and its instability. 

When hydrogen sulphate is added to a nitrite, hydrogen nitrite is 
formed by double decomposition (as with nitrates, *p. 158). But 
this body immediately breaks up into (a) a substance containing 
more oxygen, r/A. hydrogen nitrate, (d) a substance containing less 
oxygen, v/e. nitrogen dioxide. 


' Hydrogen sulphate and potassium iodide give potassium sulphate and 
hydrogen iodide. Compare the change which occuis in the preparation 
of hydrogen nitrate. 

The presence of free iodine may be confirmed by the characteristic blue 
colour formed on addition of solution of starch (see under iodides l. 

“ If none of this is at hand (it is a leagent seldom required), a little may 
he made by putting a small globule of mercury into ,r test-tube, adding 
a few drops of watei and then apout tw?cc ns much strong hydrogen 
nitrate. The action may be started by waiming the mixture, but it should 
not be allowed to go on so far as to dissolve the wJiolc of the metal. 

* It should be noted that wntei tiikes part in the action. In fact the 
potassium nitrite tokes the oxygen, which it requires to form potassium 
ninate, from the water present; leaving the hydrogen of the water tree 
to displace mercitiy from its combination with the nitrate radicle. 

The action may be expressed in symbols thus, — 

Mercury Potassium Men-nrv Hydrogen Potassium 

protonitrate. nitrite. nitrate. nitrate. 

aHgNOa + KNOj + H.p = allg + 3HNO5 -i- KNO, 
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Pour 3 or 4,c.c. of the solution of potassium nitrite into a test- 
tube and add about half as much strong hydrogen sulphate., An 
* effervescence will occur (especially if the solution is warmed) due to 
the escape of nitrogen dioxide, which will form orange vapours by 
combining with the oxygen of the air in the tube 

9. NITROGEN DIOSIDE, 

[F orimila of molecule, NjO^ 

Weight „ 60 hydrogen-atoms.] 

Apparatus required. — Pneumatic trough ; flask, fitted with the delivery 
tube and funnel used in Ex. 2 ; retort-stand ; wire gauze ; glass measure ; 
beaker ; one large and three small gas bottles ; two gas jars, 20 x 5 cm. ; 
one dittoj. 10 x 3 cm. ; taper on wire ; glass disc ; test-tubes and stand ; 
blue litmua-pnper ; india-rubber rings. 

Copper clippings ; strong common hydrogen nitrate ; solution of iron 
protosulphate i carlion disulphide ; bottle of oxygen (unless a supply can 
be obtained from a gas-holder). 

Preparation of Nitrogen dioxide. 

This oxide is formed when copper is made to act upon 
hydrogen nitrate, as in Experiment 3, p. 164. It is, unlike the 
other nitrogen oxide*, in.soluble in water, and hence can be 
collected over the pneumatic trough in the usual way. 

Measure out go c.c. of water and place it in a beaker laige 
enougli to hold more than twice the quantitt' ; then measure 
out the same volume of strong (common) hydrogen nitrate and 
add it to the water in the beaker. Notice the heat evolved 
(due to the chemical combination of the water and the acid), 
which is not, however, so great as that produced by the union of 
hydrogen sulphate and water^ p. 157. 

Place in the flask about 30 grms. (ro or 12 strips about 0-5 
cm. broad and 5 or 6 cm. long) of sheet copper, and arrange 
the apparatus precisely as was done in pieparing hydrogen, 
fig.%, p. 126. Pour a little water into the flask, but only jnH 
sufficient to cover the end of the funnel, and try whethei the 

' The decomposition ot hydrogen nitrite moy be expressed thus, — 
Hydiogeu Hydrogen Hitrogen 

nitrite. nitrate. dioxide. ^ 

3HNO.,, - HNO3 + NjOa + HjO 
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joints are tight as directed on p. 126. Fill the gas bottles and 
jars with water and place them inverted on the shelf of the 
trough, the stopper of each being placed upon its own bottle, 
to prevent confusion, When everything is ready pour the 
diluted acid into the flask. An effervescence will almost im- 
mediately commence, and the flask will be filled with orange 
vapours, which are not, however, nitrogen dioxide, but one of 
the higher oxides formed by the union of the dioxide with the 
oxygen of the air in the flask. These will be soon absoibed by 
the w'ater, so that the column of water in the deliveiy tube will 
rise a little and no pernianent gas will come over at first. If 
there is little or no action after the lapse of a minute, the acid 
may have been too much diluted, and about 2 or 3 c.c. of 
strong acid may be poured into the flask. A colourless gas will 
shortly come over, with which, after 1 ejecting two jars full, the 
bottles and jars may be filled for experiments. 

The reaction is of the following nature ; — 

1. Copper displaces hydrogen in a portion of the acid, 
forming copper nitrate. 

2. The displaced hydiogen, instead of being evolved as gas, 
acts upon another portion of hydrogen nitrate, combining with 
some of its oxygen, while the nitrogen and the rest of the 
oxygen are evolved as nitrogen dioxide*. 

No heat is required at first to accelerate the action ; indeed, 
it may become too violent, and should then be moderated by 
surrounding the flask with a wet cloth or moistened blotting- 
paper. On the other hand, if the evolution of gas becomes 
slow before the receivers are all filled, i or 2 c.c. of strong acid 
should be added through the fuuEel. When sufficient gas has 
been collected, the retort-stand and flask should be taken away 


This may be expressed by the following equations,- 
Copper. Hydrogen Copper 


nitrate. nitrate. 

(i) aCu + 6HNO5 ■= 3 Ch(NOs)j 
H ydrogen. ^ Water. 

Cii) sH, -t- 2HNO3 = -b 

Or, combining (i.) and (ii) in one equation, — 

SCu -b 8HNO3 = sCu^NOjja -b 4H2O -b N^Oj 


Hydiogen. 
+ .SH, 


Nitrogen 

dioxide. 
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at once, and pJaced in the open air. The blue liquid is, of course, 
a solution of copper nitrate, and will hardly be worth preserving. 

[Reserve one small bottle of nitrogen dioxide for use in the next 
exercise.] 

[Besides the process above given, the following is an excellent 
method of obtaining pure nitrogen dioxide. Measure 80 c.c. of 
water and place it in a beaker large enough to hold twice the 
quantity. Measure 30 c.c. of strong (common) hydrogen sulphate, 
and add it, little by little (see p. 1 57), to the water in the beaker, 
stirring the mixture with a glass rod. When all the acid has been 
added, place the beaker aside to cool. Meanwhile, weigh out 
10 grins, of potassium nitrate and loo grins, of iron protosulphate. 
Arrange an apparatus as above directed, and place the mixture (in 
crystals, not powder) in the flask, adding about a teaspoonful of 
sand, to make the action regular. Pour on it the diluted acid 
through the tube-funnel, and apply a gentle heat to the flask, 
watching carefully for the first signs of evolution of gas, and taking 
away the lamp temporarily if a rush of gas commences. The 
mixture will become brown, and pure nitrogen dioxide will be 
evolved. The general nature of the action will be evident from an 
oxpeiinient already made in examining nitrates (see p. 164, Expt. 4). 
The iron protosulphate takes away oxygen from the nitiatc, with 
formation of nitrogen’dioxide. This, owing to the heat applied, 
does not combine with the iron salt (as in the experiment above 
.-alluded to) but is given oflf as gas'.] 

Properties of Witrogen dioxide. 

The striking points of difference between this gas and the 
other nitrogen oxides should be carefully noted. It stands 
apart from the other members of the series in a way which has 
not yet been fully explained. ^ 

1. It is colourless aryi insoluble in water. 

These characters will have been noticed already. If it had 
any^actlon on water, like the other oxides, it could not have 
been collected over the pneumatic trough. 

2. It has, when pure, no action on litmns-paper. 

Attach a strip of blue litmus-paper to a glass rod by means of 


' 6FeSO, + 4HjSO, + 2KNO3 = 3Fe,(SO,'), + 4Ha0 + KjS 0 i + Nj 0 j 
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an india-rubber ring (cut from a piece of tubing); and pass it 
up into one of the jars of gas standing on the siielf of the troush, 
taking care that no air enters. The colour of the litmus will 
remain unchanged’, 

[Leave the litmus-paper in the jar, for the next experiment.] 

3. It readily combines with, free oxygen. 

(rt) Raise the mouth of the jar of gas in which the litmus- 
paper has been placed, for a moment above the water, so as to 
allow a little air to enter. Orange vapours will be formed, and 
the litmus-paper will be at once turned red. The explanation 
is that nitrogen dioxide, though a neutral substance itself, unites 
with the oxygen of the air, producing one of the higher nitrogen 
oxides, which (as has been seen) combines with water to form 
an acid. The action will be more closely examined in the next 
experiment. 

{b) Refill with water the jar used in the last experiment, and 
decant into it one measure of oxygen, using the small cylindrical 
jar as a measure. Fill the .small jar with nitrogen dioxide, and 
decant its contents, bubble by bubble, into the oxygen. Orange 
vapours of nitrogen tetro.xide will be at «nce formed, and the 
bulk of the mixed gases, which will be at first slightly increased 
owing to the heat produced by thcii union, will soon diminislv. 
as the teiioxide dissolves in the water, until only about one-half 
of the original volume of oxygen remains. Add in the same 
wav another measure of nitrogen dioxide ; stopping, however, if 
the addition of a bubble no longer causes the formation of 
orange vapours. Eventually, if the oxygen and nitrogen dioxide 
were pure, no residue of permanent gas will be left. Hence we 
learn that two volumes (or 6o parts by weight) of nitrogen 
dioxide combine with one voKime (or 3 a parts by weight) of 
oxygen, to form nitrogen tetroxide 
* 

r A slight acid reaction may appear, it even a trace of air has been 
allowed to enter, with the paper. If so, make the paper strongly blue by 
holding it close to the month of a bottle of solution of ammonium hydrate, 
and put it again into the jar. 

“ N„02+0,-Nj04 

It should be observed that the formulae NaOj and NjOt represent weights 
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4. It does pot support ordinary combustion, or burn 
itself. 

' Insert the stopper into one of the small bottles of gas, remove 
the bottle from the trough, and place it mouth upwards on the table. 
Plunge into the gas the taper, lighted; it will be immediately 
extinguished, and the gas will not take fiie 

[The stoppers should not be re-inserted into the bottles of the 
gas which have been used for this and other experiments, lest they 
should become immoveably fixed by the pressure of the air, owing 
to the vacuum caused by the absorption of the nitrogen tetroxide 
by the moisture in the bottle.] 

6. It ■will give up oxygen to some substances ; e. g. 
carbon disulphide. 

It has been proved in Experiment 3 that nitrogen dioxide has 
a great tendency to combine with more oxygen. But it can 
also be made to give up the oxygen it contains (although, as 
just now observed, a taper will not effect this) by the action of 
.substances possessing a stiong affinity for oxygen, such as 
carbon disulphide. 

Pour into a small dry test-tube about 2 c.c. of carbon di- 
sulphide, and jjJace it in the stand, within reach (taking care 
that no lighted lamp is near, since carbon disulphide is highly 
•combustible). Place one of the larger cylindrical jars of nitio- 
gen dioxide on the table, previously decanting into it, if neces- 
sary, a few bubbles of gas, so as to fill it completely. Slide the 
glass cover aside for a moment, and pour the carbon disulphide 
quickly into the jar (taking care to admit as little air as possible) ; 
shake it up quickly, to diffuse the vapour through the gas, re- 
place the jar on the table, ^nd apply a lighted match to iis 
mouth. No explosion w^l follo'w, but a brilliant flash of bluish 
light will pass do'wn the jar. The oxygen of the nitrogen dioxide 

of till gasts whicti occupy twice the space of the \is«al unit of volume, 7>r£. 
the volume occupied by the weight of hydrogen expressed by the formula 
H 2 . For a fuller account of this anomaly a theoretical text-book must be 
consulted- 

^ The taper sometimes, if in full combustion an<J if the gas contains a 
little nitrogen monoxide (as it is liable to do when made by this method), 
continues to burn, and with increased brilliancy. 
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unites with both the carbon and the sulphur ijf the carbon 
disulphide, foiming carbon dioxide and sulphur dioxide, while 
the nitrogen remains uncombined 

e. It combines with, iron protosulphate. 

Place 4 or 5 c.c. of solution of ii on protosulphate in a test- 
tube, add 6 or 8 diops of dilute hydrogen sulphate, and pour it 
into a small jar of the gas. Close the mouth of the jar with 
a glass plate, and agitate the liquid. A dark-brown solution 
will be foimed, which, when poured into a test-tube and boiled 
over a lamp, will give off the gas with effervescence, becoming 
nearly colourless again. 

This explains some results noticed in previous experiments 
(p. 164, Expt. 4, and p. i 69\ which were really due to the for- 
mation of nitrogen dioxide, as there stated. 

Additional Experiment. 

It was shown in Expt. 3 that nitiogen dioxide will combine with 
free oxygen, forming a higher nitrogen oxide, which readily dis- 
solves in water. It is easy to infer that this substance might be used 
instead of phosphorus to determine the amount of. oxygen in air ; 
and, in fact, the fiist accurate analyses of air were made on this 
principle by Cavendish, about a century ago.” The following experi- 
ment will serve to illustrate his mode of proceeding ; — 

Take one of the larger cylindrical gas jars, and graduate it into^ 
five equal parts in the way described on p. 142. Fill it to the fifth 
division with air, as there directed ; then fill the small measure 
with nitrogen dioxide, and decant the gas gradually into the air 
enclosed m the graduated jar. Add one more measure of nitrogen 
dioxide in the same way ; you will then have added two volumes 
of nitrogen dioxide to five volumes of air. Now agitate the gradu- 
ated jar (taking care that its mouth As not raised above the surface 
of the water in the trough), in ordei tliaj; the higher nitrogen oxides 
may be entirely absorbed ; leavS it to cool undisturbed for a few 
minutes; and, finally, depress it in the trough until the water 
inside and outside stands at the same level, and note the volui'he of 
the residual gas. It will be approximately four-fifths of the original 
volume of air, and if no further red fumes are formed on addition 

‘ A portion of the sulphur is also separated and appears as a yellow 
deposit on the sides of the jar. 
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of a little mor^ nitrogen dioxide, we may assume that the oxygen 
of the air is entirely removed, and consequently that five volumes 
of air contain appioximately one volume of oxygen. The residual 
gas may be tested with a lighted taper and shown to be a non- 
supporter of combustion ; further tests would absolutely prove it to 
be nitrogen. 


10. NITROGElil- MONOXIDE. 

[Formula of molecule, NjO 

Weight „ 44 hydrogen-atoms.] 

Apparatus required. — Pneumatic trough, to be filled with warm water ; 
stoppered retort, with long beak; retort-stand; piece of wire gauze; 
aigand burner; scales aud weights; deflagrating cup; two gas jars, 
30 xs cm.; one ditto, 10x3 ct”- 5 one gas bottle, holding 700 c.c.; three 
ditto, holding 200 c.c.; taper on wire; glass disc; cedar spills; sheet of 
writing-paper. 

Ammonium nitrate, in crystals ; sulphur; bottle of nitrogen dioxide. 

I'his is the lowest in the series of nitrogen oxides, containing 
less oxygen than any other. It is usually prepared by heating 
ammonium nitrate, a, salt of which the formation has been 
already illustrated on p, 161. The gas is, as will be seen, rather 
soluble in water, but much less so when the water is heated ; 
hence it may be collected without much loss over the pneumatic 
trough filled with warm water. 

Preparation of Nitrogen monoxide. 

Fill the pneumatic trough partly with cold water, and add 
sufficient boiling water to make the whole lukewarm. 

Weigh out 20 grms. of ammonium nitrate, and transfer it to 
the retort in the manner shown ii? fig. 79, p. 157. Support the 
latter on a piece of wire gauze bent into the form of a dish, 
and placed on the largest ring of the retort-stand in such a 
position that the beak may dip under the shelf of the pneumatic 
trough, and that there may be room for the argand burner 
under the wire gauze. If the beak of the retort is inconveniently 
short, it may be lengthened by attaching a bit of glass tube of 

N 
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the same size by an india-rubber connector. In order to keep 
the retort steady, the smallest ling may be brought down over 
the tubulure, and to do this it will be most convenient to arrange 
tlie retort-stand so tiiat its stem is behind the retort, as sho'vn in 
%59. P-7i'- 

Heat the retort (slowly at first) by a lamp, and while it is 
gradually becoming hot, fill the gas jais and bottles with water, 
and place them, mouths downwards, on the shelf of the trough. 
The salt will soon fuse into a clear liquid, and by a slight 
increase of the heat will begin to decompose with effervescence 
owing to the escape of nitrogen monoxide. Be careful not to 
use more heat than is necessary to keep the fluid steadily 
effervescing, and do not, on the contrary, withdraw the lamp 
entirely while the beak of the retort is under water; or the 
sudden condensation of the steam, which is one of the products 
of the decomposition, will be likely to draw up water from the 
trough into the'hot retort, and crack it. When the evolution of 
gas begins, white fumes (consisting of particles of the salt 
tossed up as spray by the escaping gas) will appear in the 
retort. So long as these are formed only in model ate quantity 
no harm need be apprehended ; but if they iperease, and the 
effervescence becomes violent, the heat should be diminished 
(not withdrawn) at once. ■- 

[The inconvenience of using too high a temperature in decom- 
posing ammonium nitrate may be illustrated by heating a small 
fragment of the salt in an ignition tube. If the heat is rather 
quickly laised, the decomposition will become so rapid as to cause 
a slight explosion, with a yellowish flame.] 

The decomposition of ammonium nitrate by heat is of the 
following nature. It contains, hydrogen, nitrogen, and oxygen; 
the hydfogen unites with some of the oxygen to foim water, 

' It is a decitled advantage to use a retort instead of a flask and delivery 
tube, in the pieparation ot this gas. If the latter is used, the -water which 
is formed in the reaction collects in the neck, and drops do-wn on the 
melted salt, producing a hurst of vapour. The retort can be more uniformly 
heated, and the water which condenses in the neck flows down into the 
trough ; moreover the beak of the retort is wider than the usual delivery 
tube, and hence the condensation of the water is more regular. 
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fl'hile the nilrpgen associated with the rest of the oxygen forms 
nitrogen monoxide. 

[Thus, 

Ammonium 
nitrate, 

So parts. 


Observe that in this case the salt does not break up into 
ammonia and hydrogen nitrate, as we might perhaps expect 
from the way in which it was formed, but decomposes in a 
totally different way. 

When a steady stream of bubbles has escaped for about a 
minute, you may place one of the large cylindrical jars over the 
hole in the shelf, and allow it to fill with gas. When full, 
remove it to another pait of the shelf and bring another jar 
into its place. While this latter is filling, you may test the gas 
in the first jar. Slide it off the shelf with one hand, cover its 
mouth with a glass plate held in the other hand, raise it out of 
the trough and place it mouth upwaids on the table. Remove 
the glass plate, and immediately introduce a cedar spill Which 
has been lighted and just blown out, and shake it sideways in 
the jar, to quicken the glow. If it is rekindled, as in the case 
of ox3'gen, the gas is sufficiently pure ; but it must be borne in 
mind that the end of the wood should be glowing rather 
brightly, in fact only just blown out; a mere spark is not 
enough to begin the combustion, as with oxygen. Proceed 
with the filling of the other jar and the bottles, carefully watching 
the decomposition of the salt, and not allowing it to go on too 
quickly. , 

When sufficient gas has been ’collected, take out the stopper 
of tlje retort, and set the latter aside to cool, still supported in 
the retort-stand. 


, Nitrogen, 28 parts- 
I Oxygen, 48 paits- 


. Hydiogen, 4 parts- 


-28 ) Nitrogen 
( monoxide, 
\ 44 parts. 

3 ^ ( Water, 

“ 4 ) 36 parts^.] 


^ Or, in symbols, — , 

Ammonium w„ter Nitrogen 

nitrate. * monoxide. 

(H,N)NOa = 2H2O + NaO 


N Z 
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Properties of Nitrogen monoxide. 

1 . It is colourless, like the dioxide, but unlike the other 
oxides which you have prepaied. 

2. It is soluble in cold water, and has a sweetish 
smeE and taste. 

Pour into a'small bottle of the gas about 50 c.c. of distilled 
water, and replace the stopper, inserting a small strip of thin 
paper between it and the neck of the bottle. Invert the bottle 
and shake it briskly for a few seconds, then hold it up to the 
light. Observe that bubbles of air are entering at the side of 
the stopper, thus showing that there has been an absorption of 
the gas. If the piece of paper had not been inserted at the 
side of the stopper, the latter would have become so firmly 
fixed in its place by the pressure of the external air, that it 
would have been difficult to loosen it. Shake the bottle again 
for a few seconds, then pour out some of the solution into a 
beaker and taste it. It will have acquiied a sweetish taste and 
smell. Pour some of the solution into a test-tube and heat 
it over a lamp. As it gets hot, bubbles of the gas' will be 
given off, pioving that it is much less soluble in hot water than 
in cold water, as already mentioned. 

3. It is much heavier than air, not combustible, and,-.,- 
snpports ordinary combustion well. 

Put an empty cylindrical gas jar on the table, mouth upwaids, 
and place in it the taper, lighted, leaning the wire against the 
side of the jar so that the taper may rest steadily at the bottom. 
Bring the mouth of one of the small bottles of gas close to the 
edge of the jar, withdraw the stopper, and gently pour the gas 
over the taper, precisely as if you were^pouring out a liquid. The 
flame will become largei- and rfioie brilliant, but the gas will not 
itself ignite : thus proving nitrogen monoxide to belong to the 
same class as oxygen; viz, to be one of those gases which 
are not inflammable, but supporteis of the combustion of a taper. 

4. It gives up its oxygen readily. 

Although nitrogen monoxide contains the smallest proportion 
of oxygen, yet it shows no decided tendency to combine with 
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more oxygen, iike the dioxide ] but, on the contrary, it gives up 
its oxygen more leadily than any of the other nitrogen oxides 
(except the pentoxide). 

(n) Its deoomposition by sulphur. 

Place the kige bottle of gas on the table before you, and see 
that its stopper is sufficiently loose to be taken out when 
lequired. Put a small bit of sulphur into the deflagiating cup, 
heat it over the lamp until it enters into full combustion, then 
immerse it in the bottle. 

The sulphur will burn as brilliantly as in oxygen \ but the 
blue flame ndll have a yellowish border. Sulphur dioxide (as 
shown by its odour and action on test-paper) will be foi med, as 
in the experiment with oxygen (p. 122), thus proving that the 
gas you are dealing with contains oxygen. You will probably 
observe brown vapours in the bottle : these consist of one of the 
higher nitrogen oxides, the trioxide or tetioxide'^. 

{i) Its decomposition by hydrogen. 

Fill one of the larger gas jars with water and place it, in- 
verted, on the shelf of the trough. Decant into it one measure 
of nitrogen monoxide, using the small thick jar as a measure. 
Add one measure of' hydrogen (see note “) and mix the gases 


‘ The sulphur must be heated conaiclerably above its melting-point, and 
must be in full combustion in the air ; otherwise it is extinguished when 
plunged into the gas. 

“ The probable explanation of their formation is that, owing to the 
intense heat, the oxygen of one portion of the gas oxidises another portion, 
thus, — 

4Nj0 = 3N3 + N„0, 

(Compare the decomposition of hypochlorites when heated, as explained 
under CHLORATES.) 

■* .\ sufficient quantity of hydrojjen for the above, and other similar ex- 
periments, may be made in th^followmg way. Take a small gas jar ; place 
in it two or three bits of granulated zimc, and fill it completely with dilute 
hydrogen sulphate (i measnie of acid to 6 of waterb When a brisk action 
has i^mnienced, place an inverted porcelain dish, or common saucer, about 
8 cm. in diameter, over the jar like a cap ; then, keeping the dish piessed 
close to the mouth ofthejar, invert the apparatusquickly. The zinc will fall 
to the lowest part of the jar, and the evolved hydrogen will gradually fill the 
jar, displacing the acid, which collects in the dish and prevents the entiance 
of air. A minute bubble of air may possibly enter at the moment that the 
jar is invei ted , if the operation is not skilfully performed, but so small a quan- 
tity will not materially vitiate the purity of the gas. When the jar is full of 
gas, fill up the dish with water, and raise thejar a little so that the remainder 
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by shaking the jar laterally. Decant some of this mixture into 
the small jar, close its mouth -with a glass plate, place it on the 
table (mouth upwards), and apply a light to the mixed gases. 
The detonation which takes place is as violent as when the 
combination of hydrogen with free oxy'gen was effected in a 
similar way. 

In this reaction it is found that the hydrogen only combines 
■with the oxygen of the nitrogen monoxide, and that a quantity 
of nitrogen remains, equal in volume to the gas oiiginally taken*. 
Now, it has been proved (p. 131) that i measure of hydrogen 
combines with half a measure of oxygen ; hence i measure of 
nitrogen monoxide yields i measure of nitrogen and half a 
measure of ox}’gen. 

S. It can he breathed, for a short time, hut soon, 
produces insensibility. 

The most remarkable property of this gas, its property of 
producing a peculiar intoxication (whence its name of ‘ laughing 
gas') and finally insensibility when respired, is one which the 
student is advised not to try by himself; since particular pre- 
cautions are necessary to obtain a perfectly pure gas for the 
purpose, and the effects of inhaling it vaiy' v-ith different 
individuals, and to some are decidedly injurious. 

0. It has no action on nitrogen dioxide. 

We have seen that nitrogen monoxide in many respects 
resembles oxygen : it may, however, be readily distinguished 
fiom the latter gas by the fact that nitrogen dioxide forms no 
orange vapours when mixed with it. The action of the two 
gases may be compared as follows^. 

Place two 'cylindrical gas jars, filled with water, on the shelf 
of the trough ; decant into cfne some oxygen, into the other 

of the due may f.ill into the dish ; then close the mouth of the jar -fiith a 
glass plate, and transfer it to the pneumatic trough. 

This was probably the earliest method devised for the collection of a gas 
in order to examine its properties. 

* The following equation expresses the action, — 

mOToxfd™. Hydrogen. Water. Nitrogen. 

NjO + r. HjO + Nj 
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some nitrogen«monoxide ; then pass up into each a few bubbles 
of nitrogen dioxide (from the bottle reserved in the last exercise). 
* Orange vapours will be formed in the jar containing oxygen, 
while no change will be observed in the other jar : nitrogen 
dioxide not having the power of decomposing nitrogen monoxide, 
although it will combine with free oxygen. 


The scries of nitrogen oxides which has just been examined 
affords excellent illustrations of the laws of chemical combina- 
tion by weight and volume ; and the student is recommended 
at this point to gain a knowledge of these laws, and also of the 
atomic theory and the system of chemical symbols. A shoit 
account of these is given in Appendix D, but a general text- 
book should, of course, be consulted as well. 


11. CARBON. 

[Symbol of atom, C 

Weight „ 12 hydrogen-atoms.] 

[In future, lists of the apparatus requiicd will only be given where a more 
or less elaborate apparatus has to be set up, as for distillation, or the pre- 
■ paration and collection of a gas.] 

The only one of the three allotropic forms in which carbon 
occurs, viz. diamond, graphite, and charcoal, on which experi- 
ments can be readily made is the last-named, charcoal. It is 
obtained by heating various organic substances (i, e. substances 
derivable from plants and animals), which all contain more or 
less carbon : for example, wpod, bones, and oil or turpentine. 
When any of these substances are heated out of contact with 
air, a good deal of their carboTi is separated in the form of 
chajioal. 

Formation of wood charcoal. 

Place a little sawdust, or a few splinters of wood (a couple of 
matches cut up into small pieces, the end, coated with phos- 
phorus being, of course, rejected) in a small test-tube, and heat 
the tube rather strongly, supporting it horizontally in a Bunsen’s 
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holder, lest the condensed water should run down to the hot 
part and crack the tube. The wood will become black or 
' charred ’ otring to the separation of carbon, while gases and 
vapours (such as wood naphtha) will be given off which will 
catch fire if a lighted match is held at the mouth of the tube 
Drops of a liquid will also condense in the tube, which will redden 
blue litmus-paper ; they consist mainly of water and hydrogen 
acetate (‘ wood vinegar ’), You have thus analysed wood so 
far as to prove that it contains carbon, and also hydrogen and 
0x3 gen (since water is formed). 

rormation of animal charcoal (‘ bone-black ’). 

Put some pieces of bone into a ladle, cover them completely 
with sand (to prevent access of air, which would burn the 
carbon), and heat the whole to redness for about a quarter of 
an hour in an ordinal y fire, while other experiments are pro- 
ceeded with. Allow it to cool and then take out the charred 
pieces of bone, and grind them to fine powder in a mortar. 
This ‘ animal charcoal,’ owing to its porosity and finely-divided 
slate, has a strong power of absorbing some colouring matters 
and also many of the gases, as the follojving experiments will 
show ^ 

(«) Its combination with colouring matter. 

Put a little water into a test-tube, and add to it a drop of 
solution of indigo sulphate. Add to this some bone-black, 
shake the whole well together and heat it to boiling : then filter 
it into a clean test-tube, passing it again through the same filter 
if it does not run through clear. The filtrate wll be nearly or 
quite colourless, the charcoal having absorbed the colouring 
matter of the indigo. From this property bone-black is much 
used in sugar-manufactories to*render'' brown sugar white. 

(/i) Its power of absorbing gases. 

Put about 2 c.c. of solution of hydrogen sulphide into a 
test-tube, add to it some bone-black, and shake the mixture 

^ Animal charcoal ,as purchased at the shops, which has been recently 
Ignited in a covered poicelain crucible, may be used in this and the follow- 
ing experiment, and will be fuimd to act even more powerfully thou the 
charcoal prepared as above directed. 
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thoroughly for'half a minute. You -will find that the liquid ha3 
now lost all the offensive smell of the gas, which has been ab- 
' sorbed by the charcoal. The value of charcoal as a disinfectant 
is mainly due to this pioperty of absorbing gases. 

I'ormation of lamp-black. 

Pour a few drops of turpentine into a small evaporating dish, 
and put into it a small tuft of tow to serve as a wick. Set 
fire to the turpentine and lower into the flame a white china 
plate, bottom upwards, depressing it so far as to admit only a 
very limited supply of air for the combustion of the turpentine. 
Under these circumstances the turpentine (which is a com- 
pound of carbon and hydrogen) will not be completely burnt, 
and a quantity of finely-divided carbon (the ordinary lamp-black) 
will be deposited on the surface of the plate. Oxygen has 
less aflinity for carbon than for hydrogen, and hence, while the 
whole of the latter combines with oxygen, forming water, a part 
only of the carbon is converted into carbon dioxide, the rest 
appearing in the elemental condition. Comiiare the account of 
the Bunsen’s burner, p. 4. 

Direct oombmation of oxygen with carbon. 

Fill a largv, gas bottle with oxygen gash Select a splinter 
,of charcoal, about 2 cm. in length (chaicoal made 
from the bark of a tree burns most brilliantly) ; 
lay it across the deflagrating cup, and confine it 
in its place by a piece of copper wire, about 6 or 
8 cm. long, twisted round the stem of the cup and 
made to press upon the charcoal, as shown in 
fig. 80. Heat the projecting part of the charcoal 
until it glows, and then immerse it in the jar of gas. 

It will at once enter into l?rillianUcombustion, as it 
combines with the oxygen to form carbon dioxide 

T% prove the formation of carbon dioxide, take out the 

‘ If a supply in .1 gas-hoWer is not at hand, sufficient gas for this experi- 
ment may be made in a tube-apparatus, sneh as that which is shown in 
fig. 86 (under iodides) for making hydrogen iodide,’a mixture of 6 grms. 
of potassium chlorate and 2 grms, of manganese dioxide being placed in 
the test-tube, and the gas collected by displacement. 

“ Ca + sOj cCOj 



Fig. 80. 
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charcoal when the combustion is over, and ^our into the 
bottle 8 or to c.c. of lime-water (from a test-tube and not 
direct from the bottle). This will, on being shaken up, become 
turbid; a result which, as has been already seen (p. 69), is a 
characteristic proof of the presence of carbon dioxide. 

Action of carbon in reducing metals from their oxides. 

This depends upon the affinity of caibon for oxygen, illus- 
trated in the last experiment, and is the principle of many of 
the smelting processes employed on a large scale. 

Take about as much lead protoxide (litharge) as will lie on 
the end of a spatula, and powder it in a mortar. Make a small 
cup-shaped cavity in a piece of charcoal as directed on p. 102, 
fill it with the powdered substance, and direct the blowpipe 
flame down upon it (the mouth blowpipe being used, as in 
E.xercise 10 , p. 95). The lead protoxide will soon melt and 
effervesce owing to an escape of gas, and finally nothing but a 
blight globule of metallic lead will be left on the charcoal. 

The carbon has reduced the lead protoxide, combining with 
its oxygen to form carbon oxides, which escape, while the lead 
is left in the metallic state h 


COMPOUNDS OF CARBON WITH OXYGEN. 

12. CARBOlSr DIOXIDE. 

[Formula of molecule, CO2 

Weight „ 44 hydiogen-atoms.] 

Apparatus required. — Flask, fitted -witli cork and tube-funnel as in 
Ex. 2 ; elbow-tube, with branches 8 cm. in length ; ditto, with branches 
respectively Sera, and 18 cm. in length; corks; cork-boiers; rat-tail 
file ; retort-stand ; wire-gauze ; wooden ^blocks ; card ; one gas bottle, 
holding 700 c.c. ; four ditto, holding 200 c.c. ; gas jar, ao x 5 cm. ; glass 
disc ; teat- tubes ; small porcelain dish ; Bunsen’s burner ; taper on wire ; 
de^flngraling cup. f 

Marble ; strong common hydrogen chloride ; solution of calcium hydrate 
(lime-water) ; solution of litmus ; magnesium ribbon. 

Preparation of carbon dioxide. 

This gas can, as has been seen, p. 185, be formed by direct 


^ 4PbO + Cj=4Pb-r2CO, 
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synthesis of cwbon and oxygen ; but it is usually prepared by 
an analytical process, i. e. by the decomposition of marble or 
' chalk (calcium carbonate) by hydrogen chloride. 

To illustrate this, put a fragment of marble into a small test- 
tube, and pour upon it 2 or 3 c.c. of dilute hydrogen chloride. 
An effervescence will at once begin, carbon dioxide being given 
off, while the marble .gradually disappears. The exact nature of 
the action will be seen from the equation given below ^ which 
shows that the calcium of the marble combines with the chlorine 
of the hydrogen chloride, while some of the oxygen combines 
with the hydrogen of the acid, forming water, and the rest of 
the oxygen is evolved in combination with the carbon, as carbon 
dioxide. 

[Hydrogen sulphate cannot be so conveniently used, since it 
forms a nearly insoluble compound with calcium, which covers the 
marble and hinders further action. Thus, if a few drops of dilute 
hydrogen sulphate are added to the mixture in the tube, a white 
precipitate of calcium sulphate appears, and the action soon ceases 
almost entirely.] 

The gas, owing to its high density (about times that of air), 
can readily be collecWd by downward displacement; the tube 
conveying the gas being led to the bottom of the bottle which is 
'to be filled. This is preferable to collecting it over the pneu- 
matic trough, since the gas is, as will be seen, rather soluble in 
water; although it may be collected over warm water, like 
nitrogen monoxide. 

Fit up an apparatus as shown in fig. 81 (next page), the flask, 
cork, and tube-funnel being the same as used in preparing hydro- 
gen ; but another form ofdeli’iery tube is to be substituted for the 
bent tube then employed* It is made up of two elbow-tubes 
united by a cork joint ; one of the elbow-tubes having two equal 
branches about 8 or 9 cm. in length, the other having one 
branch about 8 cm., the other about 18 cm. in length. The 
coik joint is made by boring a central hole through a small 

‘ Calcium Hydrogen Cnlciuru ™ Carbon 

carbonate. chloride. chloride. crater. dioxide. 

CaCOa + 2HCI = CaClj + HjO + CO, 
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cork (as free from fissures as possible), and pushing one branch 
of each tube into the hole until they meet in the middle of the 
cork. This forms an excellent joint, and has one special 
advantage over an india-rubber connector, viz. that it is stiff, 
and yet allows the tube to be turned round in any direction, 
retaining it in whatever position it is placed 



Fig. 8i. 


Place in the flask 20 grms. of marble, previously broken 
with a hammer into lumps rather larger than peas. Support the 
flask on the retort-stand at such a height that the open extremity 
of the delivery tube may be raised about 14 cm. above the 
table. Pass the end of the deliveiy tube into one oi the 
bottles, supporting the latter on blocks, so that the tube may 

* A similar but neSter joint may be made by cutting off a piece of glass 
tubing about 3 cm. in length and 8 or 9 mm. in diameter internally, and 
(after fusing the sharp edges in the lamp) fitting into it the two elbow- 
tubes by means of lings of india-rubber tubing. 
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reach almost to the bottom. Over the mouth of the bottle lay 
a card in which a slit has been cut half-way across it (fig. 82), 
'wide enough to admit the delivery lube. Pour thiough the 

funnel sufficient water to cover the maible, 

and then add, a few drops at a time, some 
strong common hydrogen chloride, until — 

a brisk effervescence; is set up, due to the 
evolution of caibon dioxide. After the Fig_ gj, 

lapse of half a minute, light the taper, 
remove the card from the mouth of the bottle, and pass the 
taper steadily down into it. It will probably be extinguished 
before it reaches the bottom, showing that the gas has paitially 
filled the bottle. It may be withdrawn, relighted, and after a 
few seconds plunged again into the bottle, to ascertain the 
point to which the gas has now risen. When the flame is 
quickly and decidedly extinguished, just before it is actually 
within the mouth of the bottle, the latter may be considered to 
be full of gas. It should then be withdrawn, by first taking 
away the wooden blocks, then lowering the bottle slowly until 
clear of the deliveiy tube, and lastly insetting the stopper 
previously greasgd. Pill one large and three small gas bottles 
in this manner, more acid being added from time to time 
•through the funnel. Reserve the large bottle for the last 
experiment, and examine the properties of the gas as follows ; — 

Properties of Carbon dioxide. 

1. Its high density, and relation to ordinary oombus- 
tion. 

Take the cylindrical gas jar, and place in it the lighted taper, 
resting the wire against the side of the jar so as to support the 
taper steadily at the bottom. Bring the mouth of one of the 
small bottles of gas close to the edge of the jar, withdraw the 
stop^r, and gently pour the gas over the taper, precisely as if 
you were pouring out a liquid The taper will be immediately 
extinguished and the gas will not catch fire. 

'■ Do not pour the gas directly over the centre of the jar, but at its 
edge, since the gas receives a forward as well as a downwaid impetus while 
the bottle is being inverted. 
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2 . Its diffusion into other gases. n 

Carbon dioxide, although it has just been proved to be much 
heavier than air, will diffuse upwards into air, but the rate at 
which it does so is comparatively slow. 

Place one of the small bottles of the gas on the table, and 
replace its stopper by a glass plate. Invert over it a similar, 
but empty, gas bottle; its stopper being removed and the 
mouths of the two bottles brought into contact. After the 
lapse of half a minute, remove the upper bottle, replace its 
stopper, pour into it a little lime-water, and shake it up. The 
cloudiness produced proves that carbon dioxide had really 
ascended, in spite of its great density, into the upper bottle. 

[Fill the partially-emptied bottle again with gas, for other ex- 
periments.] 

3. Its solubility in water. 

Pour into a bottle of the gas sufficient distilled water to fill 
it one-third, and replace the stopper, inserting a small strip of 
thin paper between it and the neck of the bottle. Invert the 
bottle and shake it briskly for a few seconds ; then hold it up 
to the light. Observe that bubbles of air are entering at the 
side of the stopper, thus showing that diere has been an ab- 
sorption of the gas. Shake the bottle again for a few seconds, 
then pour out a little of the solution into a beaker and taste it.'*' 
The water will have acquired a distinct acid taste. Common 
‘ soda-water ’ is simply a solution of this gas. 

Pour some more of the solution into a test-tube, and heat it 
over a lamp. Bubbles of gas will be given off as the tempera- 
ture rises, and if the liquid is boiled for a minute or two, the 
whole of the gas will escape. ^ 

4. Action of its solution in wo-ter on litmus. 

Pour a few chops of solution of litmus into the solution of carbon 
dioxide obtained in the last experiment. It will be at once turned 
red, although the colour will not be so bright a red as that pro- 
duced by the action of hydrogen nitrate (p. i6o). It is probable 
that caibon dioxide (like sulphur dioxide, p. izz) forms a definite 
combination with water, hj’drogen carbonate ; but this has not 
been obtamed in a pure condition, since it is easily decomposed 



CARBON DIOXIDE. 


191 

by heat. To prove this, pour some of the red liquid into an 
evaporating dish and boil it for a minute or two. Carbon dioxide 
.will escape, and the blue colour of the litmus will be restored h 
6. Its combination with metal-oxides or hydrates, to 
form carbonates. 

*{a) Its action on calcium hydrate. 

This has been alluded to alieady, p. 69, but will now be 
examined more fully. 

(1) Fill a small test-tube about half full of lime-water, and 
pour the liquid into another bottle of the gas. Replace the 
stopper, inserting a slip of paper as in Experiment 3, and shake 
it slightly. The liquid will become milky, owing to the formation 
of ordinal}' calcium carbonate (the formula of the molecule of 
which is CaCOj), of the same composition as chalk, which is 
insoluble in water. 

(2) Now shake the bottle vigorously for several seconds at 
least. The turbid liquid will gradually become clear again, the 
precipitated calcium carbonate 1 e-dissolving entirely. 

[If the liquid still remains turbid after repeated agitation, pour it 
into another' bottle of gas, and agitate it again.] 

The reason is that carbon dioxide can, when water is pi'esent, 
form another combination with calcium carbonate, called calcium- 
hydrogen carbonate, the formula of the molecule of which is 
Ca H„ and which is readily soluble in water This latter 

action explains the presence of much of the calcium salts found 
in .spring-water (as may have been proved already, p. 75). 

(3) If, now, some of the clear solution be poured into a test- 
tube and heated to boiling over a lamp, the calcium-hydrogen 
carbonate will be decomposed; carbon dioxide will be given 
olf, and the insoluble calcium carbonate re-precipitated 

' If the colour remains red, it shoijs that a little vapour of hydrogen 
chloride has passed over from the flask. To obtain a pure gas it should be 
passej through a wash-bottle (see fig. 83, p. 198) containing a little distilled 
■waterr in which hydrogen chloride is extremely soluble) before being collected. 

® These two successive actions may be expressed by the following equa- 
tions, — 

1st action, — CaHjOj-f COj^CaCOa-l-HjO 
and action,— Ca CO, -n H, 0 -1- COa = Ca^HafCO,) j 

“ The equation expressing this decomposition is, — 

CaH3(COj)j = CaCOj -i- HaO + CO, 
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This experiment illustrates the cause of the, hard crust of 
calcium carbonate formed in kettles and boilers in which ‘ hard ’ 
spring-water has been boiled. (See also under calcium.) 

{h) Its action on potassium hydrate (oaustio potash). 

Put a small bit of solid potassium hydrate, about half the 
size of a pea, upon a watch-glass. Fill a small test-tube with 
carbon dioxide by displacement, withdrawing it from the de- 
livery tube slowly, and closing its mouth at once with the 
thumb. Introduce into the tube 3 or 4 drops of water from the 
jet of the washing bottle, and then put in the fragment of potash, 
closing the mouth again tightly at once. Invert the tube, and 
shake it so as to moisten the sides with the solution of potassium 
hydrate which is rapidly formed. You will soon feel the thumb 
strongly pressed inwards, owing to the absorption of the gas. 
In about half a minute, place the mouth of the tube below the 
surface of some water in a jug or pan, and withdraw the thumb 
giadually. The water will rush in violently, and nearly or quite 
fill the tube, showing that the absorption of the carbon dioxide 
by potash has been lapid and complete. Hence a solution of 
potash can be effectively used to withdraw carbon dioxide from 
a mixture of gases (as will be seen in Exarcise l‘I). The action 
IS quite analogous to that on calcium hydrate, potassium cai- 
bonate being formed 

6. Its decomposition by magnesium. 

Magnesium has so strong an affinity for oxygen, as has been 
proved already, p. 124, that it will do what a candle cannot do, 
viz. decompose carbon dioxide, combining with its oxygen and 
leaving its carbon. 

Affix a piece of magnesium ribbon, about 16 cm. in length, 
to the flange of the deflagiating cup (the cup itself with its 
wire being removed) or to a cork, as directed in the case of the 
watch-spring, p. 123, so that its extremity may reach neariy to 
the bottom of the large bottle of carbon dioxide. Hold the end 
of the ribbon in the lamp-flame until it begins to burn with a 

' Potassium " Carbon Polassinm 

hydrate. dioxide. carbonate. 

2KHO + COj = K.JCO3 + H ,0 
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brilliant white light, then plunge it slowly into the bottle of gas. 
It will continue to burn brilliantly, forming white flakes of 
"magnesium oxide interspersed with black particles which consist 
of carbon. In order to separate the latter, pour into the bottle, 
when the combustion is over, a little distilled water, shake it up 
and pour it, with the suspended particles, into an evaporating 
dish. Add eight or ten drops of strong hydrogen chloride, and 
heat the liquid over a lamp. The magnesium oxide will dis- 
solve, while the thick flakes of carbon will remain floating 
undissolved in the clear liquid. This experiment pioves that 
the gas which you are examining contains carbon, and also that 
some substances will burn in 2, gas in which a taper will not burn. 

[That these black particles are realty carbon may be readily 
proved by collecting them on a small filter, washing them with 
several changes of water (until the washings give no precipitate 
when tested with silver nitrate) and then drying them thoroughly, 
the filter being put in a porcelain dish on a sand-bath. When they 
aie quite dry, detach some of them from the filter, and put them 
into a small dry test-tube. Put a cork loosely into the tube, and 
heat it rather strongly over a lamp. At a red heat the particles 
will glow as they combine with the o.xygen of the air in the tube to 
form carbon dioxide. To prove that this gas is really formed, set 
aside the tube (still corked) in some sand to cool, and then pour 
into it a little lime-water, which will, on being shaken up, become 
cloudy. 

Observe that, while in the last experiment you had a good 
example of chemical analysis, carbon dioxide being decomposed 
and one of its elements (carbon) separated in the fiee condition, in 
this experiment you have an equally good example of synthesis, the 
carbon combining directly with,oxygen to form carbon dioxide.] 

Addifclolial Bjsperiments. 

7. Decomposition of carbon dioxide by zinc or iron. 

Wlfen carbon dioxide is passed over strongly-heated zinc or iron, 
the metal takes out from it only one-half the oxygen it contains 
(and not the whole, as the magnesium did in the experiment last 
made), and carbon monoxide remains. This reaction is important 
as showing that the molecule of carbon dioxide contains at least two 
atoms of oxygen (since the quantity of oxygen in it can be divided 


o 
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and. taken out in two instalments), and it may be tried on a small 
scale as follows : — 

Put a few small bits of zinc into the bulb of an ignition tube - 
(which should be of rathei thick, difficultly-fusible glass) ; add 
enough finely powdered chalk or marble to nearly fill the bulb, and 
shake the two substances together until thotoughly mixed. Heat 
the bulb strongly by a gas blowpipe, and when it is red-hot, hold a 
lighted match to the end of the tube. The gas given off will be 
found to burn with a blue flame, and cannot, therefore, be carbon 
dioxide. 

What has happened is this — the calcium carbonate has been 
decomposed by the heat, carbon dioxide being gii'en oflf. This has 
given up half its oxygen to the red-hot zinc, being thus reduced to 
carbon monoxide, which, as will be seen in Exercise 14, burns in 
air with a characteiistic blue flame. 

8. Its decomposition by plants in presence of light. 

This action, which it is best to try on a bright, sunny day, 
su)3plies us with a direct proof that carbon dioxide contains 
oxygen, and also explains why it does not accumulate in the air, 
although it is being constantly produced by the piocesses of 
respiration and combustion (p. 144). 

Fill a large gas bottle with common fresh water and pass into it 
some carbon dioxide from an apparatus fitted up in the usual way 
(fig. 81, p. 188) b When the gas has bubbled through the water 
for 8 or 10 minutes (not more), withdraw the elbow-tube and put^ 
into the water a bunch of freshly-gathered parsley or water-cress, 
or any vigorously growing leaves, taking care that no air-bubbles 
remain entangled among the leaves. Fill up the bottle to over- 
flowing with water, place a large porcelain dish or a common plate 
over the mouth, and invert the bottle quickly, holding the plate 
firmly against its mouth so that no air may enter. Pour a little 
water into the dish to ensure the exclusion of air, and expose the 
whole to blight daylight (sunlight if possible) for 6 or 8 hotirs. 
Bubbles of gas will be observed to collect on the under side of the 
leaves, and rise to the top of the bottle. The growing plant has 
inhaled the carbon dioxide (as animals inhale oxygen) ar"l has 
appropriated its carbon, while the oxygen is set free as gas. If, 
however, the bottle is kept in a dimly-lighted room, or if the day is 

Or some of the contents of a bottle of soda water (which is simply 
a strong solution of c.irbon dioxide) may be added to the water in the bottle. 
In any case there should not be very much carbon dioxide in the water. 
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^’ery dull, only & slight action will take place ; showing that light is 
icquired for the decomposition. 

If 8 or 10 c.c. of gas are obtained, it may be proved to be oxygen 
Iry immersing the bottle Jn a deep pan, or the pneumatic trough, 
shaking it to detach all bubbles from the leaves, then decanting the 
gas into a test-tube (using a funnel as explained, p. 107), and testing 
It with a glowing matcli, which will be re-lighted. 


13. CARBONATES. 

Formula of 
molecule. 

[Typical examples,— Calcium caibonate, CaCO, 

Sodium carbonate, NajCO, 

Ammonium carbonate, (H^;N)2C0j] 

These are salts which contain the carbonate radicle, a group 
consisting of i atom of carbon and 3 atoms of oxygen, re- 
presented by the formula COg. They are usually formed by 
the action of carbon dioxide on metal-oxides or hydrates, as 
already illustrated in expt. 5, p. 192. 

Properties of Carbonates. 

*1. 'WTien mixed with, hydrogen nitrate they are de- 
composed, giving off carbon dioxide. 

Put a small fragment of sodium carbonate (common ‘ tvashing- 
- soda ’ will do) into a test-tube, and add i or 2 c.c. of dilute 
hydrogen nitrate. Effervescence will take place, and the gas given 
off may be proved to be carbon dioxide in the following way ; — 

Dip the end of a pipette into lime-water, and withdraw it 
without closing the upper end of the tube with the finger, so 
that a drop of lime-water is retained in the narrow jet by 
capillary attraction only. Introduce the pipette into the test- 
tube containing the gas, and lower it until the jet is about r or 
2 cm. above the liquid at tire bottom of the test-tube. While it 
is in this position suck a very little of the gas through the lime- 
wate?; then withdraw the pipette and hold it up to the light, or, 
better, against some dark background as the sleeve of the coat. 
The drop of lime-water, as it subsides again into the jet of the 
pipette, will be seen to be turbid h 

^ A drop of lime-water at the end of a glass rod will show turbidity in 
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[Another method of applying this test, which ma-y sometimes be 
useful, is the following 

Take the cork fitted with tubes out of the washing-bottle (fig. 17,' 
p. II), and adapt it (the tuljes still remaining in it) to a test-tube 
large enough to fit it adjusting the long branch of the jet-tube so 
that it may reach nearly to the bottom of the test-tube. Put 4 or 
S c.c. of lime-water into the test-tube, then fit the cork again into 
its place, and insert the jet of the tube into the test-tube containing 
carbon dioxide. Apply your mouth to the other tube and suck a 
little of the gas through the lime-water, which will become turbid.] 

[The tubes and cork should, of couise, be rinsed with distilled 
water before being replaced in the washing bottle.] 

A similar experiment should be tried with at least one other 
carbonate, such as chalk, oolite, egg-shell, or ammonium car- 
bonate (smelling salts). It will be found that in every case 
carbon dioxide will be given off. 

It will be instructive also to try the effect of dilute hydrogen 
nitiate upon substances which resemble maible in appeal ance, 
such as alabaster, and which resemble chalk, such as plaster of 
Paris. No gas will be given off from these substances : and 
thus we learn a veiy useful method of discriminating between 
vaiious classes of minerals, resembling dach other m structuie 
and appearance but differing in chemical composition. Slate, 
for instance, and basalt may be easily distinguished fiom black’ 
maible and limestones which resemble them ; the latter causing 
an effervescence when a drop of acid is put on them, the former 
causing none. 

*2. They have, when dissolved in water, an aUcahne 
reaction. 

Prove this by putting a drop 01 solution of sodium carbonate 
or ammonium caibonate, taken up vTith a glass rod, upon strips 

of reddened litmus and turmeric paper laid on a white plate. 

■ ^ — 

the same way, when lowered carefully and steadily into the test-tube. In 
eiiher way very small traces of carbon dioxide may be detected. 

^ If you have no test-tube of the proper size, a cork may be fitted to a 
test-tube and holts bored in it to receive the tubes of the washing bottle as 
above; or ordinary elbow-tnbes may be used, as in fig. 75, p. 145. 
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14. CARBOIT MONOXIDE. 

[Formula of molecule, CO 
Weight „ 28 hydrogen-atoms.] 

Apparatus required — Pneumatic trough ; flask, mth elbow-tubes and tube 
funnel, used in Exercise 12; w.de-mouthed bottle holding about 150 or 
200 c.c. (No. 34, p. 10) i corks ; cork-borers ; rat-tail file ; bent dehveiy 
tube used in Ex. 1 ; wooden blocks j retort-stand ; wire gauze ; argand 
burner; india-rubber connector; two jars, 20x5 cm.; one ditto, 10x3 
cm. ; three small gas bottles; glass disc; taper on wire. 

Crystallised liydrogen oxalate ; strong common hydrogen sulphate ; 
solution of sodium hydrate or potassium hydrate (caustic soda or potash) 
containing 20 gnus, of the substance dissolved in 100 c.c, of water ; solution 
of calcium hydrate (lime-water) ; solution of litmus ; small bottle of 
oxygen. 

Preparation of Carbon monoxide. 

One reaction in which this gas is formed has been already 
tried, p. 193 ; it is, however, usually prepared by the decomposi- 
tion of hydrogen oxalate (oxalic acid). This substance contains 
the elements of water, carbon dioxide, and carbon monoxide, as 
may be seen by the formula of its molecule, HjCjO^ (which 
eeHjO-f-COj-f CO). When it is heated with strong hydrogen 
sulphate, the latter combines with the elements of water, and the 
two carbon oxides are liberated in a state of mixture h The 
carbon dioxide may be withdrawn by allowing the mixed gases 
to pass through a solution of potassium hydrate, which (as has 
been seen, p. 192) unites readily with carbon dioxide, but has, 
under ordinary conditions, no action on carbon monoxide. A 
bottle containing this solution must therefore be interposed 
between the generating flask and the pneumatic tiough. 

Adapt a cork to a bottle with a rather wide mouth, of about 
150 c.c. capacity. Bore >ivo holies in the cork; into the one 
fit the bent delivery tube used in the preparation of hydrogen ; 
into •he other fit the longer branch of the elbow-tube used in 
Exercise iz, passing the tube through the cork to such 
a distance that its extremity may reach almost to the bottom of 

r Hydrogen Hydrogen Dilute hyd. Carbon Carbon 

oxfilate. sulphate. sulphate. dioxide. monoxide. 
HjCaOj + HjSOi « H„0,H3 SOj + COj + CO 
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the bottle. Before the cork is finally fitted into its place, fill the 
bottle to about three-fourths of its height with a solution of 
caustic potash or soda, made by dissolving 20 grms. of the 
substance in 100 c.c. of water. Support it on blocks at such 
a height that the delivery tube may dip under the shelf of the 
pneumatic tiough. In the next place, take the flask, fitted with 
the short elbow-tube and funnel, used in Exercise 12, place in 
it 20 gims. of crystallised hydrogen oxalate, and fix it in the 



Fig. 83. 


letort stand, with a piece of wire-gauze under its bottom, at such 
a height as to admit of the argand burner being placed under it, 
and to allow the elbow-tube Jo be connected with the tube of 
the wash-bottle by a short piece of india-rubber tubing. 

The whole apparatus will then appear as above, fig. 83. T 

Poui into the flask about 60 c.c. of strong common hydrogen 
sulphate. As there are several chances of leakage, it will be 
necessary to test -the joints as directed on p. 126, and not to 
proceed with the experiment until they are all made tight. 
1 he flask may then be gradually heated with the lamp, especial 
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care being takun to avoid any chance of cracking it, and thus 
spilling the strong acid to the damage of table, clothes, and 
hands. While the flask is being heated, the jars and three 
small gas bottles may be filled with water and inverted on the 
shelf of the trough. 

When the mixture in the flask begins to effervesce, the heat 
should be moderated, so that the stream of gas may pass 
through the solution in the wash-bottle in bubbles not suc- 
ceeding each other too quickly to be counted. 

After a sufficient quantity (about two jais full) of the gas has 
been rejected, the jars and bottles may be filled for experi- 
ments. As soon as this is done, the india-rubber connector 
between the flask and the wash-bottle should be taken off, and 
the flask removed at once into a draught cupboard or the open 
air, as the gas is poisonous and should not unnecessanly be 
allowed to escape into the room. 

[The best method of procuring carbon monoxide is undoubted 
that which was discovered by Fownes, depending on the decom- 
position of potassium ferrocyanide when heated with hydrogen 
sulphate'. 

The apparatus may be the same as that described above. The 
wash-bottle, although not absolutely necessary, is useful to absoib 
traces of hydrogen cyanide and sulphite, and carbon dioxide, which 
come ovex". 

Place in the flask about 8o c.c. of strong hydrogen sulphate. 
Weigh out 15 gnns. of potassium ferrocyanide, leduce the salt to 
powder, and add it little by little to the acid in the flask, shaking 
between each addition, in order to prevent the salt caking into 
lumps. Add also about a teaspoonful of fine diy sand, to promote 
the regular evolution of gas. Now fit in the cork and proceed to 

heat the mixture, watching carefully for the first evolution of gas. 
• 

* The reaction is rather complicated, but the principle of it is this ; — 
Hydrogen cyanide is> hist formed by the action of the acid upon the potas- 
siim# ferrocyanide'; and tins acts upon the water present (as water of 
crystallisation) to foim ammonia and carbon monoxide. Thus — 

HCN + HiO^HsN + CO 

The ammonia combines with the excess of hydrogen sulphate, forming 
ammonium sulphate, and the carbon monoxide is giv^ off. 

The whole action is expressed by the following equation : — 

ICib e(CN)6 + mSOi + 6H3O 

= + 2K3SO4 + FeSOi + 6CO 
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No gas comes off until the temperature is pretty, high, and then 
there is a sudden rush, which must be moderated by withdrawing 
the lamp at once. The temperature should not be allowed to rise 
higher than is necessary to obtain a slow stream of the gas. It is 
better not to pour water into the flask for the purpose of washing 
out the residue, until as much of the latter as possible has been 
shaken out ; otherwise the sudden heat produced by the addition 
of water to the strong acid is likely to crack the flask.] 

The following properties of the gas should now be examined, 
and the many points of contrast between the two carbon oxides 
should be carefully noted. 

Properties of Carbon monoxide. 

1. Its insolubility in water, and neutral action on 
litmus. 

Pour some water into a bottle of the gas, put a slip of paper 
between the neck and the stopper, invert the bottle, and shake 
it. No entrance of air in bubbles will be observed. Pour 
a few drops of solution of litmus into the water in the bottle : 
thei e will be no change of colour '. 

’'2. Its relation to combustion. 

Plunge a lighted taper into a jar of tlpe gas, placed mouth 
upwards on the table. The taper will be extingufthed, and the 
gas will burn with a characteiistic blue flame. In burning it 
unites with the oxygen of the air to form carbon dioxide, as will 
be presently pi oved. 

3. Its direot union with oxygen. 

Decant into one of the gas jars two measures of carbon 
monoxide (the measure being the small gas jar). Add one 
measure of oxygen, transfer the Jar to the table, and apply 
a light. The gases will unite with a slight explosion, fonning 
carbon dioxide as proved in tbe next experiment. 

4. Its inability to act on calcium hydrate. 

To try this satisfactorily, all traces of carbon dioxide must 
first be got rid of. For this purpose, pour into a bottle of 

^ If the ga3 has beef! insufficiently washed, the colour of the litmus may 
be slightly changed owing to the carbon dioxide present. 

“ sC0 + 02=2C0,. 
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the gas about. 10 c.c. of solution of potassium hydrate, and 
shake it up thoroughly for half a minute ; then decant some of 
the purified gas into the small gas jar, filling it completely, and 
place it, covered with a glass plate, on the table. Pour into it 
quickly a little lime-water (remembering that carbon monoxide 
is rather lighter than air, and hence the cover should not be 
removed moie than necessary) and shake it up. No consider- 
able turbidity should be produced '. 

[Otherwise the gas is not pure and must be again shaken up with 
potash, and another portion decanted and tested in the same way.] 

Now apply a light to the gas and allow it to burn in the jar. 
Replace the glass plate as soon as the combustion is over, and 
shake up the lime-water in the gas. It will now Ijecome very 
tuibid, proving that carbon dioxide has been produced in the 
combustion. 


COMPOUNDS OF CARBON WITH HYDROGEN. 

These are very numerous; turpentine, benzol, paraffin oil, 
paraffin wax, ethylene (‘olefiant gas’), and methane (‘marsh 
gas’), being the commonest examples. 

16. ETHYLENE (Oleflant Gas). 

[Formula of molecule, 

Weight „ 28 hydrogen-atoms.] 

Apparatus required — Pnenmatic trough; flask, fitted with delivery tube 
and funnel, used in Ex. a ; beakei ; glass measure ; one small and two 
large gas jars ; three small gas bottles ; taper on wire; glass disc; elbow- 
tube ; india-rubber connector. * 

Alcohol (methylated spirit^will do) ; strong commonhydrogen sulphate ; 
solution of calcium hydrate ; bottle oT chlorine ; bottle of oxygen. 

• Preparation of Ethylene. 

This gas is obtained in a pure condition by heating a mixtui e 
of alcohol and hydrogen sulphate. The simplest (although 

' It must be remembered that common water usually gives a cloudiness 
when mixed with lime-water tp. 75), and a slight action of this kind due to 
the water used in the trough must be allowed for. 


202 f 


ETHYLENE. 


probably not a complete) view of the action is, to regard alcohol 
as containing the elements of ethylene and water ; the latter com- 
bines with the hydrogen sulphate, while ethylene is liberated \ 
Measure 25 c.c. of common alcohol (methylated spirits will 
do)'into a beaker capable of holding at least 150 c.c. Place the 
vessel in a basin of cold water, or hold it in the pneumatic 
trough, and add to it, slowly at first, 60 c.s. of strong hydrogen 
sulphate. The mixture will grow dark, and probably boil at 
first, showing that chemical combination is going on between 
the alcohol and the acid, and the temperature should be kept 
down as much as possible by agitating the flask in the sur- 
rounding water and adding the acid slowly. While the liquid 
is cooling you may anange an appaiatus similar to that used 
for pieparing hydrogen, fig. 72, p. 126, putting about a tea- 
spoonful of sand in the flask in order to lessen the tendency of 
the liquid to froth up *. Pour the mixture of acid and alcohol 
into the flask, shake it until thoroughly mixed with the sand, 
and heat it cautiously to the boiling point (about 150°) ; being 
careful so to regulate the heat that the contents of the flask may 
not froth over into the delivery tube. Reject the two first jars 
full of the gas, and then proceed to fill il'ree jtws and two small 
gas bottles, for examination of the properties of the gas. 

[When the jars &c. are filled, lower the lamp-flame considerably, 
but leave the apparatus in its place ; since more gas will be wanted 
for expt. 3 A] 

Properties of Ethylene. 

1. Its peculiar fragrant odour will have been already 
noticed. 

2. Its insolubility in -waten. is proved by the fact that it 
can be collected without loss over th§. pneumatic trough. 

3. Its union with oxygen. 

(a) Place a jar of the gas mouth upwards on the tabl^ and 

Sptr “it'-''" so.7i™- 

CaH,0 + HjSOi - H,0,H,S0, + H,C, 

“ If very pure gas is required a wash-bottle containing caustic soda 
must be interposed between the flask and the delivery tube, as in preparing 
eai bon monoxide, fig. 83, p. igS, in Older to retain any sulphur dioxide and 
carbon dioxide which may come over. 
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plunge a liglilad taper into it. The taper will be extinguished, 
but the gas vill bum with a bright white flame. By pouring 
.some water from a jug into the jar, the gas will be forced out, 
and the flame seen to better effect. 

{/>) Attach to the end of the delivery tube an elbow-tube, as in 
experiments with hydrogen, fig. 74, p. 132 (omitting the jet), and 
heat the mixture in the flask until more gas is evolved. Test 
carefully the purity of the gas by filling a test-tube with it, as 
diiected, p. 133; and when you are satisfied that the gas is pure, 
light it at the end of the tube. Hold over the flame (for a few 
seconds only) a small empty gas bottle and observe that 
moisture is deposited in it. Pour a little lime-water into the 
bottle, and shake it up ; it will become cloudy. You have thus 
proved that water and carbon dioxide are pioduced duiing the 
combustion of ethylene, and therefore that the gas must contain 
hydrogen and caibon. 

Depiess a porcelain di.sh or white plate into the flame; it 
Mill at once be covered tvith a dense black soot. The reason 
of this will be clear from m hat has been learnt already respect- 
ing the principle of the Bunsen’s burner (p. 4) and the blowpipe 
flame (p. 98). The 'gas issuing from the jet cannot at once 
obtain sufficient ox}'gen to combine with all the carbon and all 
the hydrogen tvhich it contains ; hence some of the carbon, 
having less affinity for oxygen than hydrogen has, is separated 
and heated white-hot in the flame, imparting to the latter all its 
bnliiant whiteness. This carbon is cooled down and deposited 
upon the surface of the porcelain. 

[The flask may now be set aside, to be washed out when the 
inixtuie is quite cold (not befoft, since it is not safe to add water to 
hot sulphuric acid).] • 

(<r) Since it can be proved that nothing but water and carbon 
diojide aie formed by the action of oxygen upon ethylene, it is 
easy to construct an equation expiessmg the change’, and to 


' Ethylene. Oxygen. Water. ' Soride 

HjCj + 3O2 = 2HaO + aCOj 

The formula represent single molecules of the substances, and the figures 
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calculate from it the volume of oxygen required to combine 
with a given volume of ethylene. We thus find that thiee 
measures of oxygen are required for a single measure of 
ethylene. 

Fill one of the larger gas jars with water, and decant into it 
one measure of ethylene and three measures of oxygen gas, 
using the small strong jar as the measure. „ Decant some of the 
mixture into the small jar, and apply a light to it. The gases 
will unite with an explosion which is even more violent than 
that produced by the union of oxygen and hydrogen under the 
same conditions ; and the experiment should only be made with 
small quantities of the gases in a thick jar. 'After the experi- 
ment, allow the remainder of the mixed gases to escape into the 
air, to avoid any chance of an accident. 

[If no chlorine is at hand, the two following experiments may be 
deferred until the exercise on chlorine, a small bottle of ethylene 
being reseived for the purpose.] 

4. Its direct union with chlorine. 

Decant into a gas jar one measure of ethylene, and add an 
equal volume of chlorine ; then leave the mixture on the shelf 
of the trough in a good light for a minute or twd. ^ Combination 
will readily take place, one molecule of ethylene uniting with 
one molecule of chlorine to form ethylene dichloiide^, a liquid 
which collects in oil-like drops on the sides of the jar and on 
the water as the latter rises in the jar. 

It was owing to the oily appearance of this liquid that ethy- 
lene originally leceived the name of ‘olefiant’ gas. 

6. Its decomposition by chlorine. 

At ordinary temperatures chlorine simply unites directly with 
ethylene, as above shown. Bnt at high temperatures its action 


on the left hand of the formnloe express the number of molecules Cl the 
substance which take part in the action. Now it is pretty certain that 
equal volumes of gases, whatever their chemical nature, contain the same 
number of molecules ; therefore if we have to take thiee times as many 
molecules of oxygen .^s of ethylene, we must measure out three times as 
large a volume of oxygen as of ethylene. 

“ Ethylene. Chlorine. Ethylene dichloricle. 

HjCa + Clj -= HiCsClj 
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is entirely difFesent : its affinity for hydrogen is so great that it 
decomposes the gas, uniting with the hydrogen and leaving the 
'carbon wholly uncombined h 

Decant into a gas jar two measures of chlorine and add one 
measure of ethylene ; then, without delay, cover the mouth 
with a glass plate, place the jar on the table mouth upwards, 
and apply a light. Jhe action will be quick but not explosive, 
accompanied by a reddish flame, and formation of a dense 
cloud of soot, consisting of the unconsumed carbon. 

It will be seen that the action is very analogous to that of 
oxygen already noticed in expt. 3 b, but in this case the whole 
of the carbon remains unacted on. 

Additional Bxperimenta. 

Formation of Coal Gas. 

Ethylene is present in ordinary coal gas to the extent of about 
5 measures in too, and is the chief cause of the brilliancy of a gas 
flame. 

Coal contains carbon, hydrogen, oxygen, and nitrogen ; and when 
it is decomposed by a strong heat some of the carbon and hydrogen 
combine to form ethylene. Many other gases are produced at the 
same time, sychf as niethane (another hydro-carbon), hydrogen, 
carbon monoxide, and carbon dioxide (this last being separated 
as far as possible by means of lime) ; also water which contains 
ammonium compounds, and the very complex mixture called ‘coal- 
tar’ ; while a good deal of the carbon remains behind in the form 
of ‘ coke.’ 

The decomposition of coal may be tried on a small scale as 
follows : — ■ 

Powder a little coal very finely, and half fill the bulb of an 
ignition tube with it. 

[To do this quickly, scrape %p soraj of the powder in the mortar with 
the open end of the tube, then tap the tube (held vertically, bulb lower- 
most^ against the side of the mortar, so as to shake the powder down into 
the bulb ; then scrape up a little more of the powder, and shake it down in 
a similar way ; and so on, until the bulb contains enough.] 

Attach a glass jet to the ignition tube by an india-rubber con- 

' Ethylene. Chlorine. Carbon, Hydrogen chloride. 

HjCa + 2CI3 = Cj + qHCl 
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Hector, and support it horizontally in a Bunsen’s hqdder ; then heat 
the bulb pretty strongly. Water and a black, tarry liquid will con- 
dense in tjie tube, and gases will come off which bum with an- 
intensely white flame when a lighted match is held to the jet. 

The water may be afterwards tested with reddened litmus, when 
the presence of ammonium compounds will be shown by their 
alkaline reaction. Nearly all the ammonia of commerce is (as 
already mentioned, p. 147) obtained from this ‘gas liquor.’ 

Properties of Coal Gas. 

1. It is much lighter than air (its density being about 0‘4). 

This has been proved already in collecting it by upward dis- 
placement, p. 108. It may be farther shown by attaching an elbow- 
tube to the gas supply by an india-rubber tube, dipping the end of 
it into some solution of soap (p. 135) and blowing a bubble with the 
gas, which will quickly rise. This illustrates the use of coal gas for 
filling balloons. 

2. It combines readily with oxygen, when heated. 

Fill one of the larger cylindrical jars with water, and decant into 
it one measure of coal gas (from an india-rubber tube connected 
with the gas supply), and one measure of oxygen, the small cylin- 
drical jar being used as the measure. After shaking the jar to mix 
the gases, decant some of the mixture into fhe small jar and apply 
a lighted taper to its mouth, when a sharp explosion will take 
place. This shows the danger of bringing a lighted candle into 
a room into which some gas has accidentally escaped. 

3. Its heating and lighting powers. 

Both of these are due, more or less directly, to the strong affinity 
between the gases of which it is chiefly composed and oxygen. 
The heat produced by its combustion has been illustrated in the 
account of the Bunsen burner, p. 5. The reason of the light it 
gives will be plain fiom what has Jreen said respecting ethylene, 
p. 203, and will be further alluded to in^the next Exercise. 


10. COMBUSTIOIT AND FLAME. f 

In many previous experiments substances will have been 
noticed to undergo ‘combustion,’ or to ‘burn’, as it is called. 
Thus when iodine and phosphorus were placed in contact 
(p. 81 ), the whole caught fire. When sulphur and copper were 
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heated together (p. 82), the mixture glowed biightly. When 
sulphur was heated alone in air it caught fire, and burned 
■brightly when put into oxygen (p. 122), as did steel (p. 123) 
and charcoal (p. 185) under like circumstances. Again, you 
have found several ' gases to be readily inflammable, such as 
hydrogen (p. 129), carbon monoxide (p. 200), and ethylene 
(p. 202) ; burning in air with chaiacteristic flames. We may 
now consider more minutely the general meaning of the 
common terms ‘ combustion ’ and ‘ burning.’ 

Take a bit of magnesium ribbon about lo or 12 cm. long, 
and, holding it b}- one end in a pair of crucible tongs, bring the 
other end into the flame of a Bunsen burner until it catches 
file; then hold it over an iron dish, such as the sandbath, until 
the combustion is over. Observe the intense bluish white light 
and the clouds of white smoke produced during the burning, 
and the white residue 01 ‘ ash ’ which drops into the iron dish. 

It was formerly thought that in this and similar cases, such as 
the burning of a candle, something was lost by the substance 
(indeed, the matter of the candle was believed to be annihilated 
entirely). But if all the white substance, smoke and ash, pio- 
dticed m the burning of tlie magnesium is collected and 
weighed S it is found to weigh more than the original piece of 
metal, and to consist of oxygen combined with magnesium, 
Similaily when a candle ‘ burns away,’ the carbon and hydrogen 
of which it is mainly composed are found not to be destroyed 
but simply to form with the oxygen of the air compounds [viz. 

‘ A larger and more senbitive balance than the one described in the list 
of apparatus is lequired to do this satisfactorily. If such a balance is at 
hand, the increase in weight may^be shown as follows. Take _ a piece of 
fine iron wire-gauze about 12 cm. square, and turn down its four corners so 
as to support it about 2 cm. ab*ve the table. Cut off a piece of magnesium 
ribbon about 30 cm. long, coil it into aloose spiral, leaving one end slightly 
projecting, and lay it upon the gauze. Place over it a rather large, light 
beaktr, about 15x9 cm., put the whole upon a scale of the balance, and 
weigh it carefully. Then place it upon a plate, take off the beaker and 
light the magnesium by holding a Bunsen burner flame to the projecting 
end, replacing the beaker as soon as the metal begins to bum. Thus the 
greater part of the product of combustion will be retained in the beaker 
and on the wire-gauze. When the whole of the apparatus is quite cold 
jnot before), replace it on the scale ; notice the increase in weight and 
determine its amount. 
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carbon dioxide and water, as has been proved already, p. 144) 
which happen to be invisible, and so were formerly ignored. 
It is easy to prove by means of a good balance that these pro-" 
ducts weigh more than tlie oiiginal candle by the weight of the 
oxygen with which they have combined. 

Again, it was foimerly thought that oxygen was necessary 
for combustion. But in two of the above-named instances, viz. 
the combustion of phosphorus with iodine, and of copper with 
sulphur, and also in an expeiiment lately made (p. 204) on the 
combustion of eth3-lene with chlorine, all the usual phenomena 
of combustion weie observed although no oxygen took part in 
the action. 

The one fact common to all the above examples of com- 
bustion is, that chemical combination is taking place \ and thus we 
arrive at the following general definition of combustion, viz. 
that it is the combination of substances chemically with evolu- 
tion of heat, which in most cases is so intense as to cause light. 

Next, with regard to the nature of Flame. It will have been 
noticed, that in some only, not all, of the above cases flame 
accompanied the chemical action. If we endeavoui to discover 
some condition which is piesent in all -cases^ where flame is 
observed, and absent in all cases where flame “^is absent, we 
shall see that W'henever the substances concerned are either 
gases (such as hydrogen and ox)gen, chlorine and ethylene) or 
easily volatile (such as phosphorus and iodine) flame occuis 
in their combustion ; while when they are, or one of them at 
any rate is, a diflicultly-volatile solid (as in the case of copper 
and sulphur, charcoal and oxj'gen) no flame but only a blight 
glow is noticed. Thus we learn^lhat flame is a phenomenon 
occurring in the combustion of gases or vapours only, being, 
in fact, simply glowing gas. •' 

Experiments on Elame. ^ 

1. Structure of a candle- or gas-flame. 

This has been desciibed alieady (p. 97). You have there been 
told that such a flame is, under ordinary conditions, hollow ; the 
innermost portion not being really flame at all, but simply 
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unburnt gases or vapours. This you may now prove in seveial 
ways. 

1. Light the Bunsen burner, closing the air-holes so that 
tlie gas burns with the usual luminous flame. Hold a piece of 
platinum foil vertically edgeways in the flame, with its lowest 
edge touching the top of the burner. Notice that the pait of 
the foil which is in the middle of the flame is not even heated 
to redness, while the portions just outside this glow brightly ; 
showing, in fact, a vertical section of the true flame. 

2. Light a candle, protecting the flame if necessary from 
draughts of air. Hold half a sheet of writing-paper horizontally 
over the flame, and without delay bring it quickly down flat upon 
the flame until it nearly touches the wick. As soon as it shows 
signs of scorching on the upper surface, remove it quickly from 
the flame, and notice that soot has been deposited on the under 
surface, piincipally in the form of a hollow ring, and not in 
a tinifoim patch, as would have been the case if the flame had 
been the same in structure thioughout. 

3. Take a bit of glass tubing about 3 or 4 mm. in internal 
diameter (not more) and 13 or 14 cm. long; hold it slanting in 
a Bunsen holder (like the test-tube in fig. 62, p. 77) and bring 
its lower end into the middle of the gas flame, jmt above the 
upper end of the pipe. The unburnt gas will thus be conveyed 
away, and can be kindled by applying a light to the upper end 
of the tube. 

[The same experiment may be made with a candle-flame ; but 
the tube should be slightly heated before bringing it into the flame 
close above the wick, otherwise the wax-vapour is liable to con- 
dense before it reaches the upper end of the tube where it is to be 
burnt] • 

4. Repress a piece of fine wire-gauze about 12 cm. square 
(not less) upon the gas-flame, or the candle-flame, in the same 
way as the paper in expt. 2. The wire-gauze will cut off the 
flame as completely as if it was a solid plate jof metal and not 
a sieve ; and a good horizontal section of the flame can be seen 
by looking down on it from above. 


p 



210 


COMBUSTION AND FLAME. 


Aotion of Wire-gauze on Maiiie. 

You have just observed wire-gauze to possess the propeity 
of cutting off a (lame completely. This depends on the fact 
that metals are very good conductors of heat. In order that 
combustion may go on, i. e. that chemical combination may 
take place, a rather high temperature is required in the case of 
coal-gas or wax-vapour and oxygen. Now the wire-gauze, when 
introduced into the (lame, conducts away the heat so quickly 
that the gases aie cooled down below the temperature at which 
they can combine ; and thus the flame ceases to exist, and the 
gas and air pass thiough the meshes of the gauze simply mixed. 
The following expeiiments will further illustrate this property 
of wire-gauze (which has received an important application in 
the Davy safety-lamp, used in coal mines). 

1. Depress the piece of wire-gauze on the flame as in the 
last expeiiment, and hold a lighted match close above it. The 
mixture of gas and air will now catch fire, and we shall have 
two flames, one above and the other below the gauze, quite 
distinct from each other. 

2, Put out the gas flame by pinching the india-rubber supply- 
tube: lay the wire-gauze upon the mouth of the burner, and 
again allow the gas to flow. Hold a lighted match just above 
the gauze ; the gas passing through the gauze will catch fire, as 
in the last expei iment. Now raise the wire-gauze gradually ; 
the burning gas will not pass downwards through it, and the 
flame may be lifted 5 cm. or more from the jet, leaving a clear 
flameless interval between them. 

Iiuxninosity of Flames. 

r 

Most light-giving flames owe their brightness not to the 
glowing molecules of the gases themselves, but to the prfrsence 
in them of strongly-heated solid particles, which emit light at 
a much lower temperature than the molecules of a gas. To 
illustrate this— - 

{a) Hold a bit of platinum foil or iron wire in the non- 
luminous flame of a Bunsen burner ; it cannot be hotter than 
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the gases which sunound it, and yet it emits a great deal of 
ijght, becoming ‘ white-hot,’ as we say. 

{b') Take two bits of chaicoal and nib them together close 
to one of the air-holes at the bottom of the burner, so as to 
giind off a number of fine particles of chaixoal. These will 
be driven into the tube by the stream of in-rushing air, and 
will become ignited. when they reach the flame, rendering it 
comparatively bright. 

(r) Place two small tufts of cotton wool at a little distance 
from each other on a plate, and pour upon each a few drops 
of common alcohol. Pour upon one of the tufts a few drops of 
turpentine also, and then set fire to both of them. Notice that 
the alcohol burns with a flame which is only faintly luminous, 
while the mixture of alcohol and turpentine gives a bright, 
white, rathei smoky flame. The difference between the two 
cases is this — alcohol contains comparatively little carbon 
combined with hydrogen and also oxygen, while turpentine 
contains a great deal of carbon combined with hydiogen only. 
When alcohol is burnt in air, the carbon in it finds an ample 
supply of oxygen, together with what it obtains from the aii, to 
combine with, .and forth caibon dioxide ; and so none is sepa- 
rated as carbon in the flame. Turpentine, on the other hand, 
contains so much carbon that the supply of oxygen obtained 
from the air is not sufficient to combine with the whole of it ; 
therefore some is separated in a solid foun, and these particles, 
being heated to whiteness, render the flame bright. A similar 
explanation, it will be remembered, applies to the case of the 
flame of ethylene (p. Z03), and of coal-gas (p. 4). 

Combustion? of in Coal-gas. 

Sigee combustion is, as has been explained, simply a com- 
bination of one substance with another, it clearly does not matter 
(so far as the fact of chemical action is concerned) in what way 
the two things come into contact. Usually, a stream of gas 
issues into a large mass of surrounding air, and combustion 
takes place where they mix. Hence we call coal-gas in ordinary 

p 2 
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phraseology a ‘ combustible ’ gas, and air ac ‘ supporter of 
combustion.’ But we may easily reverse the conditions and 
suriound a jet of aii with an atmospheie of coal-gas; and 
combustion should (on the theoiy already given as to its 
nature) take place equally well close to the jet. The experi- 
ment may be made as follows : — 

Take a paraffin-lamp glass of the usual shape (shown in fig 84), 
about 20 cm. high, and fit a coik to its lower and wider end. Into 

the centie of this coik fit a short 
piece of glass 01 brass tubing about 
5 cm. long and 12 mm. in internal 
diameter (a piece cut from a small 
test tube will do, but thin brass 
is preferable) ; the end of this 
should project about 3 cm. within 
the lamp-glass. Fit also into the 
cork, by the side of the central 
tube, a short elbow-tube, so that 
the end may project very slightly 
through the cork within the lamp- 
glass. Support the lamp-glass thus 
fitted in a retoit-sland, as shown 
in fig. 84, and connect the end of 
the elbow-tube with the gas supply by a piece of india-rubber 
tubing. Lay upon the top of the lamp-glass a piece of fine 
ivire-gauze about 12 cm. square (not less), and turn on the gas. 
Ill about half a minute the glass will be full of gas, and the 
latter may be lighted at the top of the gauze, showing the usual 
flame of coal-gas burning when -surrounded by air. The gas 
supply should be adjusted so as to -give a flame about 20 cm. 
high (not less). 

Now pass a lighted match or taper quickly up the,.short 
central tube fitted through the cork; a flame will appear at the 
top of the tube within the lamp-glass, which is that of air burn- 
ing in coal-gas. - 

Thus we have the two combustions under exactly reversed 
conditions taking place simultaneously. 
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[It will be advisable to turn off the gas as soon as the above 
phenomena have been well observed, to avoid, risk of cracking 
the glass.] 

Additional Experiments. 

Sensitive Elames. 

It has been already seen, when the properties of hydrogen were 
being examined, p. that a flame formed by gas burning at a 
jet is, when the supply of air to it is rather limited, subject to such 
quick alterations of form and size as to throw the surrounding air 
into vibration and produce a musical note. A similar unsteadiness 
of the flame may be produced in the reverse way, m'g. by throwing 
the air round it into vibration so as to baffle the rush of gas from 
the jet. The most striking fonns of these ‘ sensitive flames ’ are ob- 
tained by employing a specially-constructed jet and forcing through 
it gas under high pressure, but a very fairly sensitive flame may be 
produced in the following way. 

Attach the mouth blowpipe to a piece of india-rubber tubing 
connected with the gas supply, and fix it horizontally in a Bunsen’s 
holder, in the position shown in fig. 64, p. 93, with the jet pointing 
straight upwards. Lay a piece of fine wire-gauze on the largest 
ring of the 1 etort-stand and support it just over the up-turned jet, 
leaving an interval of i or 2 mm. between the jet and the gauze. 
Turn on the ga"- and light it above the gauze ; then loosen the 
screw of the retort-ring and gradually raise the gauze higher and 
higher until tlie flame, hitherto steady, shows a tendency to flutter 
and sink down upon the gauze. The latter should be raised as 
high as possible above the jet, consistently with the flame burning 
steadily while undisturbed, and the retort-ring should be fixed in 
this position. 

The flame will now probably be found sensitive to some sounds, 
such as a hiss or the rattle of a bunch of keys near it, shrinking 
suddenly close to the gauze and giving a roaring sound. If this is 
not the case at first, raise qp lower the gauze until the best result 
is obtained. ’ 

If a pitch-pipe, or other similar instrument is at hand, the effect 
of various musical notes on the flame may be tried, and it will be 
found much more sensitive to some than to others. 

The effect is due to the agitation of the air between the jet and 
the gauze, which causes irregularity in the passage of the gas 
through the meshes of the gauze, and therefore unsteadiness in the 
flame on the upper surface. 



214 r 


ACETATES. 


COMPOUNDS OF CARBON WITH HYDROGEN 
AND OXYGEN. 

These constitute the majority of what are called ' organic ’ 
substances ; a tei m which may be explained to mean, sub- 
stances derivable fiom plants or animals. Only a few typical 
e.xamples of radicles belonging to this clp,ss will be examined 
here ; those being selected which the student is most likely to 
meet with in the ordinary course of elementary work. 


17. ACETATES. 

Formula of 
molecule. 

[Typical examples, — Hydrogen acetate, HjCuHsOJ 

Lead acetate, Pb(CoH;jOJj] 

I'hese are principally formed in the last stage of the fer- 
mentation of beer, wine, &c. ; the alcohol undergoing a further 
change, owing to the action of the oxygen of the air, and 
becoming sour from the formation of hydrogen acetate, which 
is common vinegar or acetic acid. 

Another source of them has been already iljustrated, p. 183, 
VIZ. the decomposition of woody fibre by heat, when acid 
vapours of hydrogen acetate were found among the products. 

Properties of Acetates. 

*1. Wlien strongly heated they become charred. 

Put a small bit of lead acetate into an ignition-tube and heat 
it in the flame of a Bunsen’s burner. It will first melt, then give 
off its water of crystallisation, and on being still further heated 
it will turn black owing to separation^ of carbon, while strongly 
smelling vapours of acetone and other products will be given off. 

*2. When heated with hydrogen sulphate, they givp off 
vapours of hydrogen acetate. 

Place a small quantity of lead acetate in a test-tube, pour 
on it 2 or 3 c.c, of strong hydrogen sulphate, and heat it 
gently. The substance will not blacken (as a taitrate does), 
but pungent-smelling vapours of hydrogen acetate will be given 
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off, which will redden a piece of litmus-paper held within the 
mouth of the tube. 

[If time permits, a little hydrogen acetate may be prepared from 
lead acetate in an apparatus similar to that which was used for the 
distillation of hydrogen nitrate (p. l57),2ogrms. of lead acetate (or, 
better, sodium acetate) being taken instead of potassium nitrate,] 

*3. Wlien heated with alcohol and hydrogen sulphate, 
they yield fragl’an^-smelling ethyl acetate. 

Add some hydrogen sulphate to a little lead acetate, as in the 
last experiment ; then add two or three drops of pure alcohol 
(rectified spirits of wine, not methylated) and warm gently. 
Vapours of ethyl acetate (acetic ether) will be given off, which 
possess a characteristic fragrant smell, not unlike that of fresh 
apples (best observed after closing the mouth of the tube with 
the finger, and slightl}- shaking the warm liquid). 

[A comparative e.xperiment should be made by heating a little of 
the alcohol alone with hydrogen sulphate in order to discriminate 
between the slight smell of the ethylene thus formed and the much 
stronger and sweeter smell of ethyl acetate.] 

* 4 . Theii’ neutral solutions, when tested with iron 
perohloride, give a dark red colour, and, ou being 
boiled, a red precipitate. 

Put five or six drops of hydrogen acetate (or solution of lead 
acetate) into a test-tube, add 4 or 5 c.c. of water and a small 
quantity of finely-powdered chalk. Boil the mixture for half a 
minute, and filter it into another test-tube, A neutral solution 
of calcium acetate will be thus obtained, by double decompo- 
sition. Add to the clear filtrate one drop (not more), taken up 
on a glass rod, of solution of iron perchloride ; the liquid will 
turn red owing to forma^on of iron acetate. Lastly, boil the 
solution ; it will get darker in colour, and soon a reddish pre- 
cipitate will form. This consists of ‘ basic iron acetate k’ 


Many such basic acetates are known; for instance, basic copper acetate 
(‘veidigris '). They may he regarded as formed by the action of water on 
the ordinary salt ; the hydrogen of the water takes (Jut and combines with 
some of the acetate radicle, forming hydrogen acetate, while the oxygen of 
the water takes the pl.ice of this radicle in the salt. 
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In applying this reaction in testing for acetates, i(;should be borne 
in mind (i) that the iron perchloride must tiot be in excess, (2) that 
solution of iron perchloride itself gives, on being heated, a red colour 
and a slight reddish precipitate (unless a good deal of free acid is 
present). The chaiacteristic points are, the appearance of a red 
colour in the cold neutral solution, and the complete precipitation of 
the iron on boiling, leaving a colourless solution. 


18. TABTRATES. 


Formula of molecule, 

[Typical examples, — Hydrogen tartrate, H2(C4H40fl) 

Sodium-hydrogen tartrate, NaH(C4H,,Oj)] 

These occur in grape juice, the crust deposited from -wine 
consisting piincipally of calcium tartrate. 

Properties of Tartrates. 

*1. ■When strongly heated they become charred. 

Heat a little solid sodium-hydrogen tartrate in a test-tube 
nearly to redness, holding the tube with the open end slightly 
inclined downwards, lest any moisture should run back to the 
heated part and crack the tube. The substance will become 
chaned, and give off vapours possessing a characteristic smell, 
like burnt sugar. The residue, besides carbon, also contains 
sodium carbonate ; as may be proved by pouring on it, when 
cold, a few drops of dilute hydiogen chloride. Carbon dioxide 
will be evolved, and may be tested for by holding within the 
tube a pipette dipped in lime-water (p. 195). 

*2. When heated with strong hydrogen sulphate, they 
are decomposed and turn black. 

Place a small quantity of solid ,sodium-hydrogen tartrate 
in a test-tube, add a little strong hydrogen sulphate, and heat 
cautiously. The mixture will blacken, owing to the separarion 
of carbon, and give off carbon dioxide and other gases with 
effervescence. 

[For the following experiments a solution of sodium-hydrogen 
tartrate (i grm. of the salt dissolved in 25 c.c. of water) should be 
used.] 
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*3. Wlien mixed with a potassium salt, their solutions 
give a white crystalline precipitate. 

Put a little of the solution of sodium-hydrogen tartiate into a 
test-tube, and add solution of potassium hydrate until it is 
alkaline to test-paper; then add enough hydrogen acetate to 
make it decidedly acid, stir the mixture with a glass rod, and 
shake it for a few seconds. A crystalline precipitate of potas- 
sium-hydrogen tartrate will be gradually deposited, the crystals 
forming fiist along the lines where the glass rod had rubbed 
against the surface of the tube k If a few more drops of 
potassium hydrate are added, the precipitate will re-dissolve ; 
hence the reason for acidifying the solution with hydrogen 
acetate, as above directed. 

*4. When mixed with a calcium salt, their solutions 
give a white precipitate soluble in ammonium chloride. 

To another portion of the solution of sodium-hydiogen 
taitiate add at least three or four times its volume of lime-water. 
A white precipitate of calcium tartrate will be produced, which 
will dissolve on addition of a few drops of solution of am- 
monium chloride. 

*6. They readily reduce silver salts. 

Add to another portion of the solution enough solution of 
sodium carbonate to make it strongly alkaline ; and then add a 
drop of solution of silver nitrate, which will produce a white 
precipitate of silver carbonate and tartrate. Lastly, heat the 
mixture to boiling, adding a little more silver nitrate if the 
precipitate re-dissolves. The precipitate will turn black owing 
to its reduction to metallic silver. 

This reducing action oj tartrates (in which the carbon and 
hydrogen of the radicle both confine with oxygen) is applied 
in p^cesses for silvering glass, as will be more fully explained 
under silver. 


‘ Thb should be especially noticed as an effective method of promoting 
the formation of a ci yatalline precipitate. The contact of the rod with the 
glass alteis the surface in some way so as to form nuclei to which crystals 
will attach 'themselves. 
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19. OXALATES. 

Formula of 
molecule. 

[Typical examples, — Hydrogen oxalate, 

Potassium oxalate, K,C304 
Ammonium oxalate, (H4N).2C204] 

These occur in the sap of many plants, especially wood- 
sorrel {oxalis aceiosella), and the common rhubarb, which owe 
their sour taste to the hydrogen oxalate (oxalic acid) which 
they contain. Hydrogen oxalate is formed in the action of 
hydrogen nitiate on starch, already tried in the preparation of 
nitrogen tiioxide, p. 167. Potassium oxalate, from which all 
the other oxalates are obtainable, is now usually prepared by 
the action of potassium hydrate (caustic potash) upon sawdust. 

The formation of an oxalate by this method may be illustrated 
on a small scale as follows. Put about 5 grms. of potassium hydrate 
into an iron cup (fig. 8, p. 7), add about 3 c.c. of water, and place it 
on a piece of wire-gauze over an argand burner to dissolve. Put 
into the solution about i grm. of tow (which has the same chemical 
composition as wood), made into a small ball, and press it down 
with a glass rod that it may become thoroughly soaked. Heat the 
mixture carefully, with constant stirring, untiPthe water is all 
driven off and the tow is reduced to a light blown, pasty mass. 
Hydrogen gas is given off, as may be proved by bringing a lighted 
match just above the froth*. Continue the heat, with stiiring, 
until the residue is quite dry, taking care not to raise the tempera- 
ture so far as to char the mass ; then leave it to cool while other 
experiments are proceeded with. Finally boil the residue with 
about 10 c.c. of water, filter the solution, and evaporate it to the 
crystallising point : i. e. until a drop placed on a watch-glass and 
stincd deposits ciystals (p. 62). It should then be set aside for 
some hours ; crystals of potas|ium oxalate will be formed, which 
may be separated by pouring the contents of tire dish on a filter. 

They should be pioved to consist of an oxalate by dissolving 
some of them in water and applying tests 3 and 4. 


* The reaction is not a very definite one. The formula of a molecule of 
woody fibre, such as ■■tow or sawdust, is probably so that In order 

to convert it into potassium oxalate tK.aC,04) hydiogen must be removed 
and oxygen and potassium added. Hydrogen is given off during the action, 
and the potassium hydrate (KHO) yields oxygen and potassium. 
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* Properties of Oxalates. 

[For some of the following experiments a solution of ammonium 
oxalate may be used, containing i grm. of the salt in 30 c.c. of 
water.] 

’^l. When strongly heated, they are decomposed (but 
without decided cb^rring), yielding a carbonate. 

Put a little potassium o.xalate, or calcium oxalate', into a 
small test-tube and heat it nearly to redness. Only a slight 
darkening or charring will be noticed, while carbon monoxide 
tvill be given off and may be tested for with a lighted match 
When the residue in the tube is cool, pour on it a little dilute 
hydiogen chloride; carbon dioxide will be given off with 
effervescence, showing that a carbonate has been formed. 

There are one or two oxalates which behave in a different way 
when heated. Thus hydrogen oxalate volatilises almost unaltered 
when carefully heated. 

Place a few crystals of hydrogen oxalate in a small test-tube, and 
heat them slowly. The salt will melt and give off its water of 
crystallisation, which should be prevented from condensing by 
warming the whole ofothe tube (held in a paper holder, p. 68). 
Finally, on slightly increasing the heat, the hydrogen o.xalate will 
sublime unaltered, condensing in long prismatic crystals. 

Ammonium oxalate also volatilises entirely, but is in great pait 
decomposed, yielding white fumes of a substance called oxamide. 

2. When heated with strong hydrogen sulphate they 
are decomposed, with evolution of both the carbon 
oxides. 

Pour 3 or 4 c.c. of strong h3’drogen sulphate on a few crystals 


' This may be prepared, if ifbae is a], band, by beating about 6 or S c.c. 
of solution of ammonium oxalate nearly to boiling, and adding about the 
same quantity of solution of calcium chloride (also heated). Boil the 
hqui# for a few moments, to promote the separation of the precipitate ; 
then filter it, and wash and dry the precipitated calcium oxalate as already 
directed, p, 92. If the precipitate passes through the filter, as it is rather 
apt to do unless separated from boiling solutions, a filter of Swedish paper 
must be used. , 

“ Calcium Calcium Carbon 

o.xalate. carbonate. monoxide. 

CaCjOi = CaCOs + CO 
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of hydiogen oxalate in a test-tube, and heat the mixture 
cautiously. Carbon dioxide and carbon monoxide will be given 
off with effervescence. (Compare the method of making carbon 
monoxide, p. 197.) The latter gas will burn with its character- 
istic blue flame if a lighted match be held to the mouth of the 
tube ; the presence of the former gas may be shown by holding 
a pipette dipped in lime-water within the test-tube (see p. 195). 

*S. They are readily decomposed by oxidising agents, 
e.g. manganese dioxide, with formation of carbon 
dioxide. 

Place a little manganese dioxide in a test-tube, add enough 
water to cover it, and then a few drops of strong hydrogen 
sulphate. If there should be any effervescence (manganese 
dioxide sometimes contains carbonates), wait until this has 
ceased, and then add a few drops of a solution of ammonium 
oxalate. Carbon dioxide will now be given off with effer- 
vescence (which will be best detected by its sound, the tube 
being held to the ear), and should be tested for with lime-water 
in a pipette, as above. 

*4. Tested with caloiiim sulphate, their solutions (if 
neutral or alkaline) give a white precipitate') insoluble in 
hydrogen acetate, but soluble in hydrogen chloride. 

Add 6 or 6 c.c. of solution of calcium sulphate to some of the 
solution of ammonium oxalate, made alkaline with ammonia. 
A white precipitate of calcium oxalate will be foiTned. 

(a) Pour off about half of the liquid, containing the pre- 
cipitate in suspension, into anolher test-tube, add a little 
hydrogen acetate, and warm slightly. The precipitate will 
remain undissolved. 

( 3 ) To the remainder of the liquid add some dilute hydrogen 
chloride, and warm. The precipitate will dissolve, but without 
effeivescence (differing in this respect from calcium carbonate). 


It will be advisable at this stage of chemical work, to 
apply the knowledge already gained of the properties of some 
of the non-metallic radicles to their detection in a substance of 
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unknown comptjsition. This process, which is called ‘ Analysis ' 
in a narrow, technical sense, and the principles of which will be 
more fully explained in the introduction to Part II, consists in 
the application of tests in a certain definite order to the sub- 
stance under examination, in order to find out which of the 
known radicles it agrees with in properties. 

A short course of experiments, applicable to the detection of 
the radicles already treated of, will be found in Appendix C ; 
and the student is advised to take at least four or five solutions 
of which nothing is known but that they contain some one of 
these radicles (associated with a metal, such as potassium, wiiich 
will not interfere with the tests), and to find out which radicle is 
present by the methods there given. 


COkirOUND OF CARBON WITH NITROGEN. 

20. CYANOGEN AND ITS COMPOUNDS. 

[Fonnula of molecule, (CN)j or Cy.^ 

Weight " „ 52 hydrogen-atoms.] 

[This gas and its compounds are extremely poisonous, and great 
care is necessary in experimenting on it and them. The vapours of 
cyanogen and hydrogen cyanide (prussic acid) should not be inhaled 
more than is necessary for recognising their presence ; not a particle 
of a cyanide should be allowed to get into a scratch or cut ; and the 
room in which the experiments are made should be well ventilated. 
Every good laboratory has a ‘ draught-cupboard,’ having a glass 
sliding front, and connected with a chimney or flue in which a strong 
upward draught is maintained by a ring of gas-jets or otherwise. 
Experiments involving the’piodugfion of cyanogen or hydrogen 
cyanide should be performed in such a cupboard, if possible.] 

C^j'anogen is of interest as being the first compound sub- 
stance which was recognised as a radicle from its property of 
behaving in chemical actions as if it was an indivisible element. 
It is obtained by the action of heat on some of the cyanides, 
which are compounds of it with other radicles ; and the mode 
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of formation of these will be described before „the examination 
of the properties of cyanogen itself. 


Formation of Cyanides. 

Formula of molecule. 

[Typical examples, — Potassium cyanide, KCN or KCy 
Hydrogen cyanide, HCN or HCy 
Iron protocyanide," Fe(CN)2 or FeCy^ 
Mercury cyanide, HgfCN)^ or HgCyj] 

The practical source of all the compounds of cyanogen is 
the decomposition by heat of organic substances containing 
nitrogen, such as leather, horns, or horsehair. It has been 
seen already, p. 146, that when such substances are heated 
alone, the nitrogen unites with hydrogen, and ammonia is 
formed ; but when a substance (such as potassium or a com- 
pound of it) which can unite with cyanogen is present, then 
some at any rate of the nitrogen combines with caibon to form 
cyanogen, which immediately combines with the potassium, 
producing potassium cyanide : and fi om this latter salt various 
other cyanides are obtainable. 

The process by which a compound of cygnogen is manufactured 
on the large scale {viz. by fusing together skins) horn, &c., potas- 
sium carbonate, and iron filings) is hardly adapted for a laboratory 
experiment ; but the principle on which cyanides are formed may 
be shown in the following way. 

Ammonium oxalate contains the same elements as skin and horn, 
viz. carbon, nitrogen, hydrogen, and oxygen, and when it is strongly 
heated with potassium hydrate, potassium cyanide is formed in the 
manner above explained *. 

Powder a small bit of potassium hydrate, about half the size of a 
pea : add to it rather more than twice as much ammonium oxalate 
(loughly measured), and grind, the whole together till thoroughly 
mixed. Fill the bulb of an ignition-tube with the mixture and heat 
it over a lamp. The tube should be held with crucible tongf.and 


^ The reaction, so far as the production of cyanogen is concerned, may 
be expressed by the following equation : — 

Cyanogen. 

(HiNlsCaO* = 4H.O + (CN)2 

Many other products are, however, also formed, such as oxamide. 
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the whole of it warmed, to avoid condensation of water, which might 
crack it. Continue lieating the mivture carefully until it has turned 
quite black ; then dip the bulb, while still hot, into 2 or 3 c.c. of 
water placed in a porcelain dish, when it will crack to pieces and 
the water will dissolve the potassium cyanide out of the residue. 
The liquid should be warmed and filtered, while the other ex- 
periments with cyanides are being made : the presence of a cyanide 
in it may then be protied by applying test 3, p. 226. 

Formation of Ferrooyanides. 

Formula of molecule. 

[Typical examples, — Potassium ferrocyanide, K4(FeCyo) 

Iron ferrocyanide, FeiCFeCyj)^] 

These are salts containing the ferrocyanogeii radicle, which 
(as seen from the above formuls) consists of iron associated 
with carbon and nitrogen in the same proportions as in cyano- 
gen. Potassium ferrocyanide (the common ‘prussiate of pot- 
ash ’) is formed when iron protocyanide is mixed with excess 
of potassium cyanide, the iron no longer acting as a metallic 
or electro-positive ladicle, but becoming part of the elect! o- 
negative radicle, ferrocyanogen. 

1. Potassium ferrocyanide. 

Make a strong solution of potassium cyanide by dissolving 
I gim. of the salt in g c.c. of water, and add to it one drop (not 
more) of solution of iron protosulphale. A precipitate of iion 
protocyanide will be at first formed, but this, on shaking and 
warming the mixture, will be redissolved, giving a yellow 
solution of potassium ferrocyanide '. Filter the solution from 
any .slight flocculent residue, and use it in the next experiment. 

2. Iron ferrocyanide. 

Add to the solution of, potassium ferrocyanide just obtained 
sufficient hydrogen chloride to make it strongly acid ; then add 
a djpp of solution of iron perchloride. A deep blue precipitate 
of iron ferrocyanide will be formed, which is the common paint 
known as ‘ Prussian blue.’ 


Potassium lion 

cyanide. cyanide. 

4lHiy + FeCyj 


PotaSsium 

ferrocyanide. 

Ki(FeCy.) 
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Formation of Oyanatea. 

Formula of 
molecule. 

[Typical example, — Potassium cyanate, K(CNO)] 

In the cyanate radicle, cyanogen is associated with oxygen, 
and this combination is readily effected by fusing a cyanide 
with any substance capable of giving Cp oxygen. In fact, 
potassium cyanide is a very powerful reducing agent, and is 
used for that purpose in blowpipe experiments. 

Mix together 2 grms. of potassium cyanide and 4 grms. 
of lead protoxide (litharge), and heat them strongly in an iron 
spoon over the Herapath’s blowpipe, stirring the mixture with 
a piece of iron wire. The potassium cyanide combines with 
the oxygen of the lead oxide, forming potassium cyanate, while 
the lead separates in the metallic form, appearing as a large 
bright globule under the layer of fused salt. 

Pour the contents of the spoon upon a clean plate of iron 
(such as a sandbath). When cold the mass may be warmed 
with water in a beaker, when the globule of lead will be left 
undissolved, and a solution containing potassium cyanate will 
be obtained. ■■ 


Formation of Thiocyanates 
(formerly called Sulphocyanates). 

Formula of 
molecule. 

[Typical example, — Potassium thiocyanate, K(CNS)] 

These are very analogous to the cyanates (as seen by the 
formula), but contain sulphur in place of oxygen, hence the 
name thiocyanate (from 6 Yiov, sulfur). They are formed 
whenever a cyanide is heated with sulphur or a substance which 
yields sulphur. „ 

1. Potassium thiocyanate. 

Put a little potassium cyanide into the bulb of an ignition- 
tube, add a minute fragment of sulphur, and fuse the mixture 
over a Bunsen’s burner. Dip the bulb while still hot into a little 
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water in a porcejain dish, so as to crack it and allow the mass 
of potassium thiocyanate to dissolve in the water. Pour the 
solution into a beaker, and keep it for the next expeiiment. 

2. Iron thiocyanate. 

Add to the solution of potassium thiocyanate, just ob- 
tained, enough dilute hydrogen chloride to make it strongly 
acid; then fill up the beaker with water and add a drop of 
solution of iron perchloride. Iron thiocyanate will be formed, 
which is of an intense red colour, as will be seen even in so 
very dilute a solution. 

Properties of Cyanides. 

[For the following expeiiments a solution of potassium cyanide 
may be used, containing i grm. of the salt dissolved in So c.c. of 
water.] 

*1. When heated xvith hydrogen sulphate, they give 
off hydrogen cyanide. 

Add a few drops of strong hydrogen sulphate to some solu- 
tion of potassium cyanide and warm the mi.xiure. Plydrogen 
cyanide will be given olF with slight effervescence, and may be 
recognised by its peculiar smell, resembling that of essence of 
almonds (which, in fact, is liable to contain this veiy poisonous 
acid, unless carefully purified). Solid potassium c3'anide has 
a similar smell, being easily decomposed, even by the carbon 
dio.xide in the air. 

*2. Their solutions, when tested with silver nitrate, 
give a white precipitate, soluble in ammonia, and de- 
composable by hydrogen nitrate. 

Add one drop of solution jof silver nitrate to some solution of 
potassium cyanide. A white, curdy’precipitate (of silver cyanide) 
will be produced, which will redissolve on agitation. Add more 
silver'hitrate until a peimanent precipitate is produced; then 
pour off half of the liquid (containing some of the precipitate 
in suspension) into another tube. 

{a) To this portion add some solution of ammonia and 
wai m. The precipitate will readily dissolve, but will be formed 

Q 
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again on adding sufficient dilute hjdrpgen nitrate to neutralise 
the excess of ammonia. 

{b) Allow the other portion of the precipitate to subside, pour 
off the liquid, retaining the precipitate in the tube, and boil the 
lattci with a little strong hydrogen nitrate. The silver cyanide 
will be slowly decomposed and dissolved by the acid. You 
may, without waiting until it has all .(dissolved*, prove the 
presence of silver in the solution by pouring it into another 
tube, and adding a drop or two of dilute hydrogen chloride, 
when a white precipitate of silver chlortde will be formed. 

*8. Their solutions, when mixed with potassium hy- 
drate and iron protosulphate, yield a ferroeyanide. 

This action has been explained already, p. 223; and it 
affoids a means of detecting very small quantities of a cyanide, 
since a mere tiace of a ferroeyanide ma)' be recognised by the 
formation of ‘ piussian blue’ on addition of iron perchloride. 

The best way of applying this test is as follows. 

Add to some solution of potassium cyanide two or three 
drops of solution of potassium hydrate, and then about the 
same quantity of solution of iron protosulphate, and shake the 
mixture thoroughly, warming it gently. A .dull greenish pre- 
cipitate, consisting of a mixtuie of iron protohydrate and per- 
hydiute, will be formed. Now add an excess of dilute hydrogen 
chloride (sufficient to make the liquid strongly acid) ; a deep 
blue precipitate will be formed. 

[The delicacy of the test may be shown by repeating the experi- 
ment, using only one drop of the solution of potassium cyanide 
diluted with 5 or 6 c.c. of water. Even in this case the liquid will 
be coloured distinctly blue.] 

The changes which occuf are of the following nature : — On 
addition of the iron protosulphate a portion of iron cyanide is 
formed ; this unites with the rest of the potassium cyanide to 
form “potassium ferroeyanide (p. 223). At the same time, a mix- 
ture of iron prQtohydrate and perhydrate (the latter formed by 


* Potassium oyonuie often contains a chionde, and in this case a residue 
of silver chloride would remain, undecomposable by hydrogen nitrate. 
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the action of thg oxygen of the air) is precipitated by the action 
of the potassium hydrate on the excess of iron sulphate. When 
hydrogen chloride is added, it dissolves these hydrates, and the 
iron perchloiide formed acts upon the potassium ferrocyanide 
to form the deep blue precipitate of iron ferrocyanide. 

*4. When heated 'with a sulphide, they form a thio- 
oyanate. ' 

This is another very delicate test for the presence of 
a cyanide ; since the presence of a thiocyanate can be readily 
detected by the red colour formed on addition of iron pei- 
chloride (p. 225). 

Pour one or two drops of solution of potassium cyanide into 
a porcelain dish, add a drop of solution of yellow ammonium 
sulphide, and evaporate the mixture to dryness. The potassium 
cyanide will unite with the sulphur present in the ammonium 
sulphide, foiraing potassium thiocyanate. * 

Add to the residue a few drops of dilute hydrogen chloride 
and then one drop of solution of iron perchloride. Iron per- 
thiocyanate will be formed, which will colour the liquid deep red. 


Additional Experiments. 

Preparation of Cyanogen. 

[The remarks on the poisonous nature of this gas, p. 23 i, should he 
referred to.] 

Cyanogen is obtained in a pure state by the decomposition of 
certain of the cyanides, preferably mercury cyanide. When this 
salt IS heated, it breaks up into the two radicles it contains, viz. 
mercury and cyanogen (compare the decomposition of mercuiy 
oxide by heat, p. 77). * « 

[If mercury cyanide is not at hand, a raixtuie of mercuiy chloride and 
potassium ferrocyanide (which yields mercury cyanide by double decom- 
position) may be nsed instead ; which may bo made in the following way : — 

Reduce about 2 grms. of potassinm ferrocyanide to fine powder, and 
heat it in a porcelain dish on a sandbath, with constant stirring, until all 
the water of crystallisation has been driven off. (This may be known by 
holding a cold watch glass just above the salt ; if moisture is deposited, 

Q 2 
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the dehydration is not complete.) Weigh out i gnn. of the dried salt, and 
I grm. of mercury percbloride corrosive sublimate’) ; mix them thoroughly 
111 a mortar, and use the mixtuie as duected below ] 

Powder l grm. of mercury cyanide, dry it thoroughly in a dish on 
the sandbath, and put it into a small, pcifectly diy test-tube. Fit 
a cork to the tube, and pass through the cork the glass jet already 
made (p. 32), the wide end of the tube being outwards (since 
cyanogen burns best at a rather wide opening). Suppoit the test- 
tube slanting m a Bunsen’s holder and heat it moderately over an 
argand burner. The meicury cyanide is decomposed into mercury, 
which condenses in bright drops on the side of the tube, and 
cyanogen, which escapes as gash 

After the action has begun, and the peculiar, penetrating 
smell of cyanogen has been noticed (most safely by wafting with 
the hand a very little of the vapour towards your face), apply a light 
to the end of the tube. The cyanogen will take fire, burning with 
a fine purple flame. PI old a small gas bottle over the flame for a 
few seconds ; no moisture will be deposited, but on pouring a little 
Jinie-water into the bottle and shaking it up, the cloudiness will 
prove that carbon dioxide is produced during the combustion, 
nitrogen being the only other product®. 

Observe what this expt., together with the similar one made with 
ethylene (p. 203), prove with regard to thcmelatiye affinity of oxygen 
for hydrogen, carbon, and nitrogen respectively. In the com- 
bustion of ethylene the oxygen united with all the hydrogen but 
with only some of the caibon. In the case of cyanogen, the 
oxygen united with all the caibon but none of the nitrogen. The 
conclusion is obvious. 


HgCy3 = Hg + Cy, 

A- portion of the cyanogen remains behind in a different condition, as a 
black solid, called paracyanogen (CjNj). 

“ (CN)3+202=2C02+Nj 
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21. CHLOEINE. 

[Symbol of atom, Cl 

Weight „ 35-5 hydrogen-atoms. 

Formula of molecule, Cl^ 

Weight „ 71 hydrogen-atoms.] 

Preparation of Chlorine. 

Apparatus required. — Flask, elbow-tubes, and cork-joint need in Ex. 12 ; 
argand burner ; wooden blocks ; card ; one large and six small gas 
bottles; taper on wire; deflagrating cup ; crucible tongs ; beaker; porce- 
lain dish; one large and one small cylindrical gas jar; glass disc; sup- 
plementary pan of the pneumatic trough ; scales and weights. 

Sodium chloride (common salt); manganese dioxide; stiong (common) 
hydrogen sulphate ; blue litmus-paper ; solution of indigo sulphate ; 
jihosphorus ; Dutch gold-leaf, or metallic antimony (or brass filings ) ; 
turpentine; strip of coloured calico; solution of potassium hydrate. 

[We have in this case to deal with a gas whicli is soluble to a 
constderable extent in water, though much less so than ammonia 
or hydrogen chloride. Its solubility rapidly diminishes as the 
temperature of the water is raised, and hence it may be collected 
without much loss over waim water, the ordinary pneumatic 
trough being employed.* But its density is so high that it can 
be most readily collected by downward displacement, like carbon 
dioxide. 

Its action on the lungs is so extremely hritating and injurious 
that it should never be prepared in a room which cannot be 
thoroughly ventilated. All the experiments should be performed 
in a ‘draught-cupboard’ (p. 221), if possible; and, in default of 
this, a shed out of doors is the best place for the work. If, 
however, the chlonne must be prepaied in a room, observe (i) to 
collect it over warm water, not by displacement ; (2) to allow none 
to escape into the air unneccssaiily ' ; (3) as soon as the experiments 
are performed, to thiow away the water m the trough, and wash it 
and the bottles at once with dean water containing a little sodium 
carbewate (‘washing soda’). 


' The first poi tions of the gas, which come over mixed with air, should 
be collected in a large gas bottle ; into this, when full, some solution of 
caustic soda should be pouied (a bit of paper being put between the stopper 
and neck of the bottle), and sliakcn up in the gas until the smell of chlorine 
has disappeared. Or, the bottle may be taken out of doors and left open 
for some minutes. 
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A little ammonia sprinkled on a warm plate i,s the best means 
of getting rid of the gas. If the lungs are affected, pour a little 
pure alcohol into a test-tube, warm it, and inhale the vapour.] , 

The chief source of this element is common salt, which con- 
tains chlorine united with sodium. In order to obtain chlorine 
from salt it is not sufficient to add an acid, since the chlorine 
unites at once with the hydrogen of the atid, forming hydrogen 
chloride. But if we add to this latter a substance which readily 
gives up oxygen, e. g. manganese dioxide, the oxygen unites 
with the hydrogen, and chlorine is set free. To illustrate 
this — 

Put a little sodium chloride into a test-tube and pour on it 
some strong hydrogen sulphate. A brisk action will begin, and 
a colourless, pungent-smelling gas will be given off, which 
reddens a strip of moist litmus-paper held in the tube. This 
gas is hj'drogen chloride, and its properties will be more fully 
considered in the next Exercise. 

Now add a little manganese dioxide, and warm slightly. A 
gieenish-yellow gas will soon fill the tube, which has a most irri- 
tating and suffocating smell, and which bleaches a strip of moist 
litmus-paper. This gas is chlorine’. ' ' 

Measure 40 c.c. of water into a beaker capable of holding 
100 c.c,, placed on a plate, and add to it by degrees 40 c.c. 
of strong common hydrogen sulphate. While the mixtuie is 
cooling, weigh out 25 grms. of common salt (sodium chloride) 
and an equal quantity of manganese dioxide, and mix them 
together. 

Arrange an apparatus like that used for carbon dioxide (fig. 
81, p. 188)°, put the mixture into the flask and add the diluted 

^ The following equations express the action ; — 

(i) Sodium Hydrogen Sodium Hydrogen 

chloride. sulphate. sulphate. chloride. 

sNaCl + HaSOi = Na2S04 + 2HCI 

(ii) Hydrogen Manganese Hydrogen Manganese Chlorine 

chloride. dioxide. sulphate. sulphate. 
zHCl + MnOa + HjSO^ - MnSO, + aH^O + Cl, 

’ If the gas is required to be quite pure, a small wash-bottle should be 
interposed between the flask and the delivery tube, partly filled with plain 
water, to retain any hydrogen chloride which may come over. 
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acid through thf funnel ; then shake the flask until the contents 
aie thoroughly mixed. Place the whole apparatus in the draught 
cupboai d, and apply a very gentle heat. Collect one large and 
six small bottles of the gas (remembering to keep the door of 
the draught cupboard closed as much as possible, so that none 
of the gas may escape into the room). The yellowish-gi-een 
colour of the gas will,sufficiently show when the bottles aie full, 
especially if a sheet of white paper is held behind each bottle 
while the gas is passing into it. The colour is well seen by the 
faint bluish light of the flame of a Bunsen’s burner. 

When the bottles are all filled, pass the gas into about 30 c.c. 
of solution of potassium hydiate placed in a large test-tube 
(noting its ready and complete absorption by the potash with 
foimation of potassium hypochloiite, as more fully explained 
in Exercise 23), until the liquid acquires a 3’ellow colour and 
the gas is no longer absorbed. It should then be reserved in 
a closely-coiked tube or bottle for use in Exeicise 24. 

If the gas is still coming off (the end of the action may be 
known by the mixture in the flask becoming leddish brown) 
pass it into a bottle or flask filled with water, to form the solution 
of chlorine which is used as a test in analytical work \ 

[Put away one of the small bottles of chlorine in a dark cupboard 
for use in Exercise 23.] 

[Another good method of preparing chlorine is to heat a mixture 
of 60 c.c. of stiong hydrogen chloride with 20 grms. of manganese 
dioxide. In this case, however, half the chlorine is retained in 
combination with manganese '“.] 


Properties of Chlorine. 

[All the experiments sheuld be made in a draught cupboard, 
if possible.] ' 

*1, Its suffocating smell and its yellowish green colour 
will have been noticed already. 


Fuller directions for making this solution will be found in Appendix B. 
Hydrogen Manganese Mang.inese 
chloride. dioxide. chloride. 

4HCI + MnOj = MnCla 


Water. 

3H„0 


Chlorine. 

CL 
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2. Its density, nearly 2^ times that of air. 

This has been pioved by the mode of collecting it, and will 
be furthei illustrated in expt. 7. 

3. Its solubility in water. 

Pour about 20 c.c. of water into a small bottle of chloiine ; 
in«eit a bit of paper between the stopper and the neck, invert 
the bottle, and shake it for a few seconds. The water will 
readily dissolve the gas, as will be proved by its acquiring the 
colour and smell of chloiine, and by the bubbles of air which 
enter the bottle. 

*4. Its bleaching action on indigo, litmus, and other 
colouring matters. 

(a) Add a little of the solution of chlorine made in the last 
c.xperiment to some dilute solution of indigo sulphate (about 
3 drops of the strong solution in 10 c.c. of water). The blue 
colour will be at once destroyed. 

{b) Put into the bottle containing- the solution of chlorine, a 
strip of blue litmus-paper, a flower, a bit of coloured calico or 
cloth, and a bit of paper having some printed words upon it and 
also some words written with common inlt. I'he colour will be 
more or less quickly discharged in all cases, except that of the 
pnntei's ink : this consists of carbon, for which chlorine has 
very slight affinity. 

6. Its relation to ordinary combustion. 

Immeise a lighted taper in a small bottle of chlorine. It will 
not be extinguished, but will burn -with a dull smoky flame, de- 
jiositing abundance of soot; and the gas itself will not catch file. 

Observe that you have here combustion taking place in a gas 
which contains no oxygen. In fact„,although oxygen usually 
takes part in combustion, it i6 not (as was foimerly thought) 
necessary. The phenomena of combustion are simply due (as 
already mentioned, p. 208) to the light and heat given off during 
violent chemical action. In the present case the chlorine com- 
bines with the hydrogen of the candle, while the carbon, for 
which it has only a slight affinity, remains quite unaltered (see 
also expt. 9). 
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6. Its ooml^jnation witli non-metals, suoh. as phos- 
phorus. 

Cut fiom a stick of phosphorus a small piece about half as 
large as a pea, observing the piecautions given on p. 81. Dry it 
thoroughly on blotting-paper, pressing, but not rubbing it ; place 
it in a deflagrating cup, and immerse it in the large bottle of 
chlorine. It will cartch fire spontaneously, burning with a 
greenish flame ; and a yellowish crystalline deposit of phosphorus 
pentachlonde will be formed in the bottle. 

7. Its eomtoination with metals. 

Place two or three pieces of Dutch gold-leaf (an alloy of zinc 
and copper) in a cj'lindrical gas jar, and invert over them a bottle 
of chlorine, resting its neck on the mouth of the jar. The heavy 
gas will quickly descend, and svhen it reaches the leaves they 
will catch fire, burning with a dull glow, and forming zinc and 
copper chlorides. 

[If Dutch metal is not at hand, the following experiment may be 
substituted. 

Pour into a bottle of chlorine just enough water to cover the 
bottom h Place some metallic antimony reduced to fine powder 
in a mortar, in a -paper gutter, and shake the substance little by 
little into the bottle. The metal will catch file and burn brilliantly 
when it comes into contact with the gas, forming antimony per- 
chloride.] 

8. Its combination with, hydrogen. 

(a) Suddenly, under the action of heat. 

Fill the supplementary pan of the pneumatic trough with warm 
water. Fill the small stout gas jar with hydrogen gas (from a gas- 
holder or by the method given on p. 181, note), and decant its 
contents into a larger gas Jhr, plaqed in the pan of warm water. 
Next, fill the same jar with chlorine from one of the small bottles 
of the gas, and add it to the hydrogen in the larger jar You 
have now a mixtuie of equal volumes of hydrogen and chlorine. 


‘ This is to prevent fracture of the bottle by the burning particles of 
metal. 

2 If this is done neatly and rapidly, the loss of chlorine by solution in 
the water will be very small. 
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Agitate the jar for a second or two, in order fo mix the gases 
intimately, keeping its mouth below the water-level ^ ; then 
transfer some of the mixture to the small jar, remove it to the 
table and apply a light to its mouth. The gases will unite with 
explosion, forming hydrogen chloride 

[Another interesting method of causing the sudden combination 
of hydrogen and chlorine is the action ofra bright light. This, 
although not always successful, since it requires the gases to be 
mixed in exactly the right proportions®, may be attempted as 
follows. 

Have ready at hand a cork rather larger than the mouth of the 
small gas jar, with one of its ends greased, and also a bit of 
magrresium ribbon about 12 or 14 cm. long. Decant into a jar, 
as above, equal volumes (carefully measured) of hydrogen and 
chlorine, mix them quickly but thoroughly by agitation; then' 
decant some of the mixture into the small jar, close its mouth with 
the cork (used as a glass disc, i.e. laid on the mouth), and place 
it mouth upwards on the table. Light the magnesium ribbon, held 
in the crucible tongs, at a Bunsen’s burner, and bring it at once 
close to the side of the small jar (or take the latter out into full 
sunshine). An explosion will probably take place, and in any case 
the union will be quickly effected, white fumes being produced, due 
to the formation of hydrogen chloride.] ' r 

ip) Slowly, under the action of a moderate light. 

Fill the small jar with the remainder of the mixed gases, close 
its mouth with a glass plate (greased), remove it from the trough 
, and allow it to remain for at least half an hour in a good diffused 
light, not in direct sunshine, for fear of an explosion. If you then 
examine the contents of the jar, you will find that the colour and 
characteristic odour of chlorine have disappeared, and that the 
gas fumes in the air, reddens and does not bleach litmus-paper, 
and possesses the pungent odour of hydrogen chloride. 

9. Its action, on compounds containing hydrogen. 

In most cases such compounds are decomposed, their hydrogen 

‘ The gases differ so much in density that their mixture by diffusion 
alone would be conyrarativcly slow. 

“ H2 + C1j = 2HCI 

’ The chlorine for this experiment ahonld, to ensure its purity, be collected 
over the pneumatic trough, by displacement. 
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uniting with th^ chloiine, for which (as has been proved already) 
it has a stiong affinity. Thus if a strong solution of chlorine 
in water- is exposed to sunlight, oxygen is slowly evolved, and 
hydrogen chloride is formed in the liquid \ 

The action of chlorine on hydrogen sulphide is precisely 
similar; sulphur is separated and hydrogen chloride formed, 
as will be illustrated jn expt. 6, p. 273. The value of chlorine 
as a disinfectant chiefly depends on such decompositions of this 
and other poisonous gases given off during the putrefaction of 
organic matter. 

The action of chlorine on compounds of hydrogen wdth 
carbon is usually, if it takes place at a high temperature, of the 
same kind. Its effect on ethylene has been illustrated already 
' in e.xpei iments 4, 5, p. 204 (these may be tried now, if not then 
perfotmed). Its action on the hydrocarbon turpentine may be 
shown as follows. 

Pour a few drops of turpentine upon a strip of blotting paper, 
and plunge it into a bottle of chlorine, leaving the mouth of the 
bottle open. Dense white fumes will be produced, owing to the 
formation of hydrogen chloride, and carbon will be deposited: 
the action being genCially so violent as to set the turpentine 
on fire. 


COMPOUNDS OF CHLORINE. 

22. CHLORIDES. 

. Formulaof 

molecule. 

[Typical examples, — Hydrogen chloride, HCl 
Sodium chloride, NaCl 
Ammonium chloride, (H4N)C1] 

These are substances containing chlorine united with other 
radicles. Several examples of their formation have been given 


’■ Hence the solution of chloiine required for laboratory purposes should 
be Icept in a bottle made of green glass or covered with opaque paper, or it 
will soon lose its stiength. 
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in the last exercise ; e. g. phosphorus pentachlpride, zinc and 
copper chlorides, and hydrogen chloride. 


Preparation of Hydrogen chloride. 


Apparatus required. — Flask, elbow-tubes, &c., as used in the preceding 
Exercise; argand burner; two cylindrical gas jars, 20x5 c.m. ; thiee 
small gas buttles; tapei on wire; two glass' discs; porcelain dish; 
beaker ; sandbath ; test-tube. 

Sodium chlonde ; common hydrogen sulphate ; distilled water ; blue 
litmus-paper ; turmeric-paper ; solution of litmus. 

This substance is usually prepared by the action of hydrogen 
sulphate on common salt ; an action already noticed and ex- 
plained under chlorine, p. 230. The action of the strong acid 
upon ordinary crystallised salt is so violent that it is necessary 
to melt the salt previously into compact lumps, so as to expose 
less surface to the acid '. If, however, the acid is slightly 
diluted, the oidinary fine-grained table salt can be used. The 
gas will not be quite free from moisture, but this is unimportant 
for most experiments. In preparing and experimenting on it 
the same piecautions should be used as in the case of chlorine, 
on account of its irritating and corrosive nature.' 

Measure out 20 c.c. of distilled water into a beaker and add 
to it gradually 30 c.c. of strong common hydrogen sulphate'*. 
Set this aside to cool. 

Fit up an apparatus similar to that which was used for pre- 
paring carbon dioxide (fig. 81, p. 188), placing a piece of wire- 
gauze under the bottom of the flask, and fixing it at such a 
height that the lamp will pass easily under it Place in the 
flask 20 gims. of sodium chloride, and having set a bottle under 

— r- — 

‘ This m.ay be done in an iron ladle over a good file. The salt melts at 
a red heat, and the liquid should be poured out on a clean piece of iron or 
slate, and when cold, broken up into lumps about the size of almoirds, 
which should be kept in a well-stoppered bottle. 

“ The liquid will probably become turbid, for a reason to be explained 
under sulphates, p. abd. 

“ If the gas is reqijired to be quite pure, it should be passed through a 
small wash-bottle containing stiong hydrogen sulphate, 'this dries the gas, 
and at the same time frees it from any hydrogen sulphate which may be 
carried over as spray. 
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the deliveiy tube, and covered its mouth with a card, pour into 
die flask the dilute hydrogen sulphate you have just prepared. 
Apply a gentle heat and fill three small bottles with the gas by 
displacement, using a lighted taper to ascertain when they are 
full, precisely as directed in the case of caibon dioxide. Fill 
also one of the larger cylindiical gas jais, greasing its mouth, 
and closing it with a ^lass disc w hen full. 

The following pioperties of the gas may be examined : — 

1. Its pungent, penetrating smell, and the white 
fumes which it forms in moist air ' will have been already 
noticed. 

2. Its high density, IJ- times that of air. 

3. Its acid reaction on litmus. 

4. Its relation to eombnstion. 

These thtce properties may be tried in one experiment, as 
follows. 

Place a piece of blue litmus-paper at the bottom of a cylin- 
drical gas jar, and support in the jar the taper, lighted, resting 
the wire against the side of the jar. Pour some hydrogen 
chloride fiom one of the bottles into the jar. The taper will be 
extinguished, and thc^ litmus-paper will be strongly reddened. 
Observe, however, that the gas does not descend quite so readily 
as carbon dioxide, showing that the difference between its density 
and that of air is not quite so great. 

6. Its solubility in water. 

Fill the supplementary pan of the pneumatic trough (or a 
deep basin) with water. Take the gas jar which was filled with 
hydrogen chloride, plunge its mouth (still closed with the glass 
disc) deeply into the water, and slowly withdraw the disc. The 
water will rush violently into ^the jar, and will fill it entirely 
if the gas is puie and unmixed with air, showing that hydrogen 
chlffliide is extremely soluble in water. Add a few drops of 
solution of litmus to the liquid in the jar; it will at once be 


* These are due to its combination with the watertvapour in the air to 
form a product less volatile than itself, which is therefore condensed into 
fine liquid drops, forming a mist. 
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leddened. The hydrogen chloride (‘hydrochloric acid’) used 
in the laboratory is simply a strong solution of this gas. 

6. Its direct combination with, am 
Ammonia. monia. 

This has been already noticed under 
AMMONIA : it may now be tried more fully in 
the following way, 

Place a bottle of the gas on the table, and 
replace its stopper by a glass plate. Take 
a similar bottle of ammonia invert it, and 
replace its stopper quickly by a glass plate. 
Place the mouths of the bottles close together 
(fig. 85), the bottle of ammonia being invei ted 
and uppermost, and remove both plates, thus 
allowing the gases to mix. Dense white 
clouds will be produced in both bottles 
(showing that the gases quickly diffuse 
though they differ greatly in density), and 
still more if the position of the bottles is 
Hyd. Chloride. reversed, their mouth.s being still held to- 

I'ig- 85- gether, so that the bottle of hydrogen chloride 

is uppermost, causing the heavier gas to 
descend into the lighter. Enough heat is evolved by the union 
of the gases to make the bottles sensibly warm ; and a snow- 
white powder is deposited in flakes on the sides of the bottles. 
The two gases, in combining, form a single substance, ammonium 
chloride, or ‘sal ammoniac 

When the action is over, examine the propeities of this salt as 
follows. Pour 10 c.c. of distilled water into one of the bottles, 



' If no bottles of ammonia are mt hand, pour a little of the strongest 
solution of ammonia into a gas bottle, and shake it up, taking care that 
the stopper is not blown out Loosen the stopper for a moment to let air 
escape, and then shake up the liquid again, bi this way enough ammiinia 
gas will be given off to fill the bottle. Lastly, invert the bottle, and loosen 
the stopper so as to let the liquid escape into a basin or the sink : you may 
then use the bottle of gas in the above experiment. 


Hydrogen 

chloride. 


Ammonia. 


Ammonium 

chloride. 


HCl + H,N = H4NCI 
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shake it up until the white powder is dissolved, then pour the 
liquid into the other bottle and dissolve the deposit in it also. 
Place the liquid m a porcelain dish and evapoiate it to diyness, 
using a gentle heat. 

(a) Scrape together some of the white residue with a spatula, 
place it in a test-tube, and heat it over the lamp. It will vola- 
tilise entirely, forming a white ring in the cooler part of the 
tube. This distillation of a solid substance is called ‘ sublima- 
tion.’ Observe that the substance does not fuse before volati- 
lising, but passes at once from the solid to the gaseous state. 
This is an exception to the general rule that solids become 
liquids before they volatilise. 

{b) Dissolve the remainder of the residue in a little water and 
test the solution with blue litmus and tuimeiic-paper. No 
alleiation of colour will be produced in either case', while we 
have seen that hj’drogen chloride reddened litmus-paper, and 
that ammonia leddened tuimeric-paper. By the combination 
of the two gases a neutral salt has been formed. 

7. Its deoompositioa by hydrogen nitrate. 

The action in this case consists in the combination of the 
hydrogen of the' hydrogen chloride with oxygen yielded by the 
hydrogen nitrate : chlorine being evolved, which at the moment 
of its liberation (in the ‘ nascent state,' as it is termed) acts upon 
substances with even more than its usual intensity. 

Mix about 3 c.c. of strong hydrogen chloride with one-third 
its volume of strong hydrogen nitrate in a test-tube, and warm 
gently. The fluid will become yellow, and will give off an 
orange gas, which is a mixture of chlorine and nitiosyl chlo- 
ride ", Put into the liquid a bit of gold-leaf wrapped round a 
glass rod: it will be immediately cjissolved, forming gold chloride. 
This mixture of acids is called ‘ aqua regia ' (an old alchemical 
name), and is much used for dissolving gold, platinum, and some 


‘ It may be found slightly acid, since. the salt is dissociated to a small 
extent by long boiling with water, traces of ammonia' being given off ; the 
residue, therefore, would contain a corresponding amount of free acid. 

» 3HCl + HNOs = 2HaO + NOCl + Ch 
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Other substances, which are insoluble in either hydrogen chlo- 
ride or hydrogen nitrate alone. 

8. Its aotion on metals and metal-oxides, forming 
chlorides. 

{a) On metals, such, as iron. 

In these cases the metal simply replaces the hydrogen of the 
acid, which is given off as gas, while a chloride of the metal is 
formed. This has been already illustrated in the case of zinc, 
p, 80, and the expeiiment may be repeated with iron filings; 
a similar action occurs, and a pale green solution of iron pioto- 
chloride will be formed. 

{b) On metal-oxides, such as mercury oxide. 

The action of hydrogen chloride on these substances con- 
sists in a double decomposition: the hydrogen of the acid 
changing places with the metal of the oxide, water and a metal 
chloride being formed. 

Put a little mercury oxide into a test-tube, and add 3 or 4 c.c. 
of dilute hydrogen chloride. The oxide will quickly dissolve 
on shaking and warming the mixture ' : and if the solution 
is evaporated in a dish to the crystallising point, and left to 
cool, piismatic crystals of mercury perchli)ride will be formed. 

Properties of Chlorides. 

[A solution of sodium chloride containing 0.5 grm. of the salt in 
40 c.c. of water may be used.] 

*1. Their solutions, wheu mixed with silver nitrate, 
give a white precipitate, soluble in ammonia, but in- 
soluble in hydrogen nitrate. 

Put a few drops of the solution of sodium chloride into a 
test-tube, add 6 or 8 c.c. of wirier and then a few drops of solu- 
tion of silver nitrate. A white precipitate of silver chloride will 
be formed, which, on addition of a little hydrogen nitrate and 
after thoroughly shaking the mixture, will (if the silver nitrate 


Hydrogen Meicury Wntcr Mercury 

chloride. oxide. ' pei chloride. 

2HCI + HgO s= HjO + HgClj 
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is in excess) roa^dily sepaiate in flocks, leaving the liquid almost 
clear. Pour off the solution, shake up the precipitate with 
some fresh ilislilled water, and again pour off the fluid, afier 
allowing the precipitate to subside. Silver chloride is one of 
the easiest substances to wash thus, by decantation. Divide 
the precipitate into two parts by shaking it up with a little 
water and, before it hjis had time to settle, pouring off one-half 
of the liquid into another test-tube. 

{a) To one portion, after pouring off the water, add some 
solution of ammonium hydrate, and warm it. The piecipitate 
will readily dissolve, but will be thrown down again on adding 
dilute hydiogen nitrate to the solution. 

{b) To the other portion, after pouring off the water, add 
a little strong hydrogen nitrate and boil for half a minute. It 
will remain quite unacted on; a pioperty which distinguishes 
it from the somewhat similar precipitate formed by a cyanide 
(Expt. 2 b, p. 226). 

*2. When heated with manganese dioxide and hydro- 
gen sulphate, they give off chlorine. 

Pour a few drops of solution of sodium chloride upon a 
little manganese dioxide in a test-tube and add 2 or 3 c.c. of 
strong hydrogen sulphate. On warming it gently chlorine will 
be evolved, which may be recognised by its smell, its colour 
(best seen by looldng across the tube placed against a sheet of 
white paper), and its action on a slip of wetted litmus-paper 
held m the lube, which will be fiist reddened, then bleached. 


COMPOUNDS OF CHLORINE WITH OXYGEN. 

Chlorine forms a series of compounds with oxygen very 
analogous to the nitrogen oxides. They are, however, so 
unstable and explosive that few experiments can easily be made 
with them. But several important series of salts are known, 
which contain radicles consisting of chlorine, associated with 
oxygen. The principal of these are the hypochlorites and 
chlorates. 

R 
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23. HYPOCHLORITES. 

Formula of 
molecule. 

[Typical examples, — Potassium hypochlorite, K(CIO) 

Calcium hypochlorite, Ca(C10)2] 

These are compounds related to chlqrine monoxide (Cl^O), 
which contain a radicle consisting of one atom of chlorine 
associated with one atom of oxygen. They may be formed by 
the action of chlorine upon metal-hydrates, or metal-oxides in 
presence of water. 

Preparation of Potassium hypochlorite. 

Pour 10 c.c. of solution of potassium hydrate into the bottle 
of chlorine which was reserved in Ex. 21, put a strip of paper 
between the stopper and neck of the bottle, and shake the 
bottle for a minute or so. The chlorine wiU entirely dis- 
appear (but the liquid will not become strongly yellow, as was 
the case when chlorine dissolved in water, p. 232): it acts upon 
the potassium hydrate to form two salts, potassium chloride 
and potassium hypochlorite *. The peculiar" sweetish smell of 
the solution should be noticed, differing greatly from the strong 
smell of chlorine itself. 

A similar change occurs when calcium hydrate (‘ slaked 
lime’) is exposed to chloiine for some time: a mixture of 
calcium hypochlorite and c.ilcium chloride is thus obtained, 
which is commonly known as ‘ bleaching powder.’ 


* The action may be explained thus : The molecule of chlorine contains 
two atoms (Ch) ; one of these takes out the atom of hydrogen from a 
molecule of potassium hydiate (E|pO), fcCming hydrogen chloride (HCl), 
while the other atom of chlorine installs itself in the place of the hydrogen, 
forming potassium hypochlorite. Thus — 

KHO + Cl,=HCl + KC10 

This hydrogen chloride in presence of more potassium hydrate forms 
potassium chloride and water — 

KHO + HCl^KCl + HjO 

The above action of chlorine, in combining with the hydrogen of a com- 
pound, and substituting itself, atom for atom, foi the displaced hydrogen, 
IS a rather common one : occurring, for instance, when a mixture of methane 
(HjC) and chlorine is exposed to light. 
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"Properties of Hj^poohlorites. 

[For the following experiments the solution of potassium hypo- 
chlorite, obtained above, may be used. Or a solution of calcium 
hypochlorite may be made by mixing 50 c.c. of water with 5 grms. 
of bleaching powder, allowing it to stand for a few minutes (shaking 
it occasionally but not heating it), and filtering from the residue of 
■lime which is sure to remain.] 

1. They give tip oxygen readily. 

(a) Put about 5 c.c. of the solution of potassium hypochlorite 
into a test-tube, add one drop of solution of cobalt nitrate 
(which will pioduce a black precipitate of cobalt peroxide) and 
warm the mixture gradually. Oxygen will be given off with 
effervescence, and may be tested for by a glowing splinter of 
wood in the usual way'. The cobalt oxide is not altered, at 
any rate not permanently so ; it seems to act in the same way 
as the manganese dioxide in the usual method of preparing 
oxygen, p. 115. 

This reaction has been proposed as a practical method of 
obtaining ox3'gen. 

*{&) Add a few drops of the solution of potassium hypo- 
chloiite to a little solution of lead acetate in a test-tube, and 
warm the mixture. The white precipitate at first formed, con- 
taining lead protoxide, soon turns brown ; the lead combining 
with more oxygen to form lead dioxide. 

*2. When acted, on by hydrogen chloride, they yield 
chlorine. 

Place a little bleaching powder at the bottom of a small test- 
tube, and pour on it a few drops of strong hydrogen chloride. 
A violent action will take jjlace, and a greenish yellow gas will 
fill the tube, which may be proved to be chlorine by its odour 
and bleaching action on litmus-paper 

' Potassium Potassium 

hypochlorite. chloride. xygen, 

2KCIO ■= aKCr + Oa 

’ The reaction is interesting as affording evidence that the molecule of 
chlorine is made up of two chlorine-atoms. Hydrogen hypochlorite is first 
formed by double decomposition; and then a molecule of chlorine is 


R 2 
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In the case of ordinary bleaching powder, any acid will 
pioduce the same effect as hydrogen chloride ; since the sub- 
stance contains calcium chloride as well as calcium hypo- 
chlorite ; and the calcium chloride yields hydrogen chloride 
w'hen decomposed by an acid. 

3. They bleach organic colouring matters, but only 
when a free acid is present. 

[a) Dip a piece of blue litmus-paper into the solution of 
potassium hypochlorite. Its colour will not be altered. Lay 
it on a plate and pour on it a drop or two of dilute hydrogen 
sulphate; it will be immediately bleached. The reason is that 
hydrogen hypochlorite is formed by the action of the acid, and 
this is much less stable than the potassium hypochlorite, and 
gives up its oxygen to the colouring matter, forming a colourless 
compound. 

{b) Place a little solution of bleaching powder in a small 
beaker, and add to the liquid a drop or two of solution of blue 
litmus. The colour of the litmus will remain unchanged. Now 
blow air from the mouth into the solution through an elbow 
tube. The blue colour will soon disappear; the carbon di- 
oxide of the breath having, in presence of ^irater, decomposed 
the calcium hypochlorite in the same way as the hydrogen 
sulphate in the pievious experiment. 

(r) Add a few drops of solution of potassium hypochlorite to 
a dilute solution of indigo sulphate (which always contains free 
acid). The blue colour will be at once discharged. 

4. They decompose and destroy many injurious pro- 
ducts of putrefaction. 

This property is due to the facility with which hypochlorites 
yield both chlorine and oxygen in a ‘ nascent ’ state, and it has 
led to their extensive use for disinfecting purposes. The use 
of bleaching powder as a disinfectant may be thus illustrated — 

Place a few drops of solution of hydrogen sulphide (which is 


formed by the union of one atom derived from the hydrogen hy].5ochloiite 
and one atom from the molecnle of hydrogen chloride. Thus — 

HC10 + HC1 = H,0 + C1, 
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one of the poisonous gases given off in sewers) in a test-tube, 
add a sinali quantity of bleaching powder and shake the mixture. 
Observe that the offensive smell of the gas entirely disappears ; 
the liydrogen sulphide has, in fact, been decomposed by the 
oxygen }’ielded by the calcium hypochlorite, with formation of 
water and sulphur 

Additional Experiment. 

Use of hypooWorites in oalloo-printing. 

It is clear from the above experiments that white patterns may 
be formed on coloured cloth by putting an acid on certain parts 
of it, and then dipping it into a solution of a hypochlorite, which will 
only discharge the colour where it meets with the acid. This is the 
principle of the ‘dischaige’ process of dyeing, and may be illus- 
trated as follows. 

Dissolve 3 guns, of hydrogen taitrate (tartaric acid) in lo c.c. 
of water; heat the solution to boiling and add by degrees half 
a gramme of starch pieviously shaken up with 5 c.c. of cold water. 
Boil the mi.xtuie cautiously, stirring and shaking it, until it becomes 
rather viscid (the object of adding the starch is to prevent the 
solution from spreadings over the material to which it is applied; 
solution of gum arable may be substituted, if at hand). 

Take a small piece of coloured cloth or calico (the thin cotton 
cloth dyed with madder answers well), lay it flat on a double fold of 
blotting paper, and draw on it letters with a glass rod dipped in 
the acid solution, taking care that the liquid thoroughly penetrates 
the cloth, but does not spread much lateially. Dry this partially 
before a fire or by laying it on wire-gauze at some distance above 
a small lamp-flame, and meanwhile make a strong solution of 
bleaching powder by grinding about 20 grms. of it with enough 
water to make a thin cream, then rinsing it into a flask, adding 
about too c.c. of water, an*d shaking it up thoroughly. Lastly, 
It must be filtered from the residue, mainly of calcium hydrate, 
which is sure to remain. Warm the filteied solution slightly, and 
pour it upon the piece of coloured cloth laid flat on a plate, 
taking care to soak the whole of the cloth in the liquid, and 


* Hydrogen Calcium Calcium Water 

sulphide. hypochlorite. chloride. 

2 H 2 S + Ca(C10ja = CaCIj + aHjO 


Sulphur. 
+ S2 
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seeing that it is kept flat and that no folds overlie each other. 
The acid will at once decompose the calcium hypochlorite; 
chlorine will be liberated, as above explained, and will discharge 
the colour in those parts where the acid was placed. As soon as 
the design appears in white, remove the cloth from the solution, 
and rinse it well in plain water. 

24. CHIiOBATES, 

Foimtila of 
molecule. 

[Typical example, — Potassium chlorate, K(C103)] 

These are salts related to chlorine pentoxide (CljOj), which 
contain a radicle consisting of one atom of chlorine associated 
with three atoms of oxygen. They are formed when solutions 
of hypochlorites are healed to boiling ; a part of the salt giving 
up oxygen to the rest, and being itself reduced to a chloride. 

Preparation of Potassium chlorate. 

Take the solution of potassium hypochlorite which was 
obtained in Ex. 21, p. 231, by saturating potassium hydrate 
with chlorine, and evaporate it down in a ^ish until a drop 
placed on a w'atch glass deposits crystals on” cooling ; then 
leave it to crystallise. 

In this reaction two molecules of the potassium hypochlorite 
give up all their oxygen to a third molecule, vhich is thus converted 
into potassium chlorate*. Thus the liquid contains a mixture 
of potassium chlorate and potassium chloride ; and the former 
being much less soluble in water than the latter, crystallises out 
in the form of flat rhombic plates as the solution cools. These 
may be drained from the liquid, washed with a little water, and 
left to dry in a funnel. The liquid drained from the crystals 
will contain much potassium chloride, as may be proved by 
testing it with silver nitrate. The crystals should be proved to 
be a chlorate by tests 2 and 4. 


Potasaiam 
liypochloi ite. 
3KCIO 


Potassium 

chloride. 

2KCI 


Potassium 
chlorate. 
+ K.C10 
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' Properties of Chlorates. 

[For some of the following experiments a solution of potassium 
chlorate will be required, containing i grm. of the salt dissolved in 
40 c.c. of water.] 

*1. When heated, they readily give up oxygen. 

A proof of this has ffllready been given in the first experiment 
made in the preparation of oxygen, p. 114. 

Put a small crystal of potassium chlorate into an ignition- 
tube, add a splinter of charcoal, and heat nearly to redness. 
A deflagration will be observed similar to that which took place 
in the corresponding experiment with nitrates, p. 163, the potas- 
sium chlorate giving up all its oxygen to the carbon, with 
foimation of potassium chloride and carbon dioxide. 

*2. When acted on by hydrogen sulphate, they yield a 
deep yellow gas, chlorine tetroxide. 

Powder a very small fragment of potassium chlorate (not 
larger than a grain of wheat) ; put it into a test-tube, and pour 
on it two or three drops of strong hydrogen sulphate. The 
mixture will turn yeUow or orange, and a deep yellowish-green 
gas (chlorine tPtroxide)Vill be given off, having a very character- 
istic smell, somewhat resembling (but easily distmguishable 
from) that of chlorine. 

*3. When heated with indigo sulphate, they destroy 
its blue colour. 

Make a strongly-acid, dilute solution of indigo sulphate 
precisely as directed under nitrates (expt. 2, p. 163); heat it 
to boiling and add one or tw'o drops of solution of potassium 
chlorate. The blue colour of the indigo will be destroyed, as in 
the case of nitrates, and foi* the same reason, viz. the oxidation 
of the colouring matter. 

*4. When mixed with hydrogen sulphite, they bleach 
indigo at once, without being heated. 

This action depends upon the reduction of chlorates by 
hydrogen sulphite, which has a great tendency to absorb oxygen 
(as will be explained under sulphites p. 283) : lower and less 
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Stable compounds of chloiine are formed, which readily give up 
chlorine, decomposing the indigo. 

Add a drop of solution of indigo sulphate to some solution 
of potassium chlorate. Put into another test-tube some dilute 
solution of hydrogen sulphite (or, if this is not at hand, of sodium 
sulphite, to which a few diops of hydrogen sulphate have been 
added; hydrogen sulphite is thus formed by double decom- 
position), and add to it also a drop of indigo sulphate. In 
neither case will the blue colour be discharged at once. Now 
mix the contents of the two tubes ; the blue colour of both the 
solutions will disappear, for the reason above explained. 

[This reaction serves to distinguish a chlorate from a nitrate, 
since the latter will not under the same conditions bleach indigo 
at once. The experiment should be repeated, using a solution of 
potassium nitrate instead of potassium chlorate, to prove this fact.] 

6. Their solutions, when tested with silver nitrate, 
give no precipitate. 

Add a drop of solution of silver nitrate to some of the solu- 
tion of potassium chlorate. No precipitate will be produced if 
the chlorate is pure, since silver chlorate (as indeed every other 
chlorate) is soluble in water h " c 

Observe that although chloiine is present in the chlorate, it is 
present in such a condition as to be unable to combine per se 
with silver to form a chloride. 

Additional Experiments. 

Preparation of Chlorine tetroxide. 

[F ormula of molecule. Cl,©! 

Weight „ 135 hydrogen atoms.] 

This is the only one of the chlorine oxides with which experi- 
ments can be at all safely made. It is obtained by the action of 
hydrogen sulphate upon a chlorate, such as potassium chlorate. 


^ Commercial jiotassium chlarate generally contains a trace of chloride, 
sufficient to give a'turbidity with silver nitrate, but it may be readily 
purified by dissolving in as httle hot water as possible (about 20 grms. in 
6 c c.c.) and re-crystallising. 
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[Do not, on any account, take larger quantities of the substances 
than those indicated below.] 

Put 2 c.c. of strong hydrogen sulphate into a test-tube, add very 
gradually half a gramme (not more) of potassium chlorate, coarsely 
powdered, and place the tube in a beaker containing warm water 
(not hotter than 40° C. ; 30 c.c. of cold water mixed with the same 
volume of boiling water will be hot enough). The mixture 
will become deep orange and give off chlorine tetroxide with 
effervescence b 

The action may be allowed to go on until the gas, which has 
a high density, has nearly filled the tube ; the latter should then 
be taken out of the warm water and supported in an empty gas 
bottle or beaker, in a draught-cupboard. 

Properties of Chlorine tetroxide. 

1 . Its intense yellow colour and characteristic smell will 
have been noticed already. 

2 . Its sudden decomposition when slightly heated. 

Take a piece of wire bent at right angles (the wire to which the 
taper is affixed, fig. 12, p. 8, the taper being removed, will do 
very well), heat one end of it slightly in a lamp-flame, and plunge 
it while hot into the gas in the test-tube. The gas will decompose, 
with a slight explosion,, into chlorine and oxygen ; the greenish 
yellow colour almost entirely disappearing, since the colour of the 
chlorine produced is far less intense. 

3 . Its decomposition by oxidiaable bodies, such as phos- 
phorus. 

Nearly fill a large wine-glass or beaker with water, and drop into 
it a few crystals of potassium chlorate, which will sink to the bottom 
without much loss, as the salt is not vei-y soluble in water. Drop 
upon the crystals a bit of phosphorus about half as large as a pea, 
and support a tube funnel in the glass in such a position that the 
ext remity of the tube may ^ust touch the crys tals at the bottom of 

^ The following equntrons express the action: — 

(r) Potassium Hydrogerr Hydrogen Hydrogen-potassrunr 

chlomte. srrlphate. chlorate, sulphate. 

3KCIO, + 3 H,S 0 , = 3HCIO3 + 3KHSOi 

(ri) Hydrogen Hydrogen Chlorine 

chlorate. perchlorate. tetroxrde. ^ 

SHClOa = HCIO^ + ' CkOj , + HjO 
It will be seen that the hydrogen chlorate is spirt np into a higher and 
a lower oxygen-comporrnd of chlorine. Compaie the decomposition of a 
hypochlorite riito a chlorate and chloride. 
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the glass. Now pour down the funnel 2 or 3 c.c. of^strong hydrogen 
sulphate ; chlorine tetroxide will be evolved when the acid comes ' 
in contact with the potassium chlorate, and the phosphorus wilj 
take fire, as in chlorine gas, and burn underneath the water. 

[When the experiments are over, pour the mixture in the tube and 
beaker into a jug of water at once, and throw it away : the tube 
may then be safely washed out with water.] 

26. BBOMINE. 

[Symbol of atom, Br 

Weight „ 80 hydrogen-atoms. 

Formula of molecule, Br^ 

Weight „ 160 hydrogen-atoms.] 

Preparation of Bromine. 

[The vapour of bromine is even more offensive in smell and 
poisonous than that of chlorine, and all possible precautions should 
be taken not to inhale any of it : aU experiments being done in 
a draught-cupboard.] 

This element, which occurs in combination as sodium bromide 
and magnesium bromide in sea water and pertain mineral springs, 
is obtained from sodium biomide or potassium bromide by are- 
action precisely analogous to that by which chlorine was obtained 
from sodium chloride (p. 230). 

Mix intimately in a mortar about half a gramme of potassium 
bromide with twice as much manganese dioxide. Put the 
mixture into a dry test-tube, add about 3 c.c. of strong hydrogen 
sulphate, and heat the tube very gently on a sandbath placed 
in a draught-cupboard, supporting it upright by passing over 
it the smallest retort ring, and placing behind it a sheet of white 
paper. Deep red vapours oC- bromfhe will soon fill the tube, 
and will condense near the top into an intensely red liquid 

^ The reaction is expressed as follows : — 

Potassiwm Manganese Hydrogen 

bromide. dioxide. sulphate. 

sKBr -s .MnOj + sHjSO* 

Potassium Manganese 

sulphate. sulphate. 

- K,SO, + MnSO, + 


Water. Bromine. 

2 HjO + Brj 
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" Properties of Bromine. 

1. Its deep red colour and offensive smell will have been 
already noticed. 

2. Its action on litmus. 

Dip a wetted piece of blue litmus-paper into the vapour. It 
will be at once bleached. 

3. Its high density, and solubility in -water. 

Put about 5 or 6 c.c. of water into a test-tube, and pour on it 
some bromine by inclining the tube containing the vapour (taking 
care that none of the mixture in the tube is poured out as well). 
The vapour will readily be transferred in this way, showing its 
high density. Now shake up the water with the bromine vapour, 
closing the mouth of the tube with the finger. An orange- 
coloured solution of bromine will be readily foimed. 

4. Its bleaching action on indigo. 

Pour one or two drops of the solution of bromine just obtained 
into a dilute solution of indigo sulphate (two drops in 10 c.c. 
of water) : the blue colour will be at once discharged, as in the 
case of chlorine. ^ 

[Keep the rest of the solution of bromine for the next experi- 
ment.] 


26. BROMIDES. 

Formula of 
molecule. 

[Typical examples, — Potassium bromide, KBr 
Hydrogen bromide, H Br 
Silver bromide, AgBr] 

Formation of Potassium bromide. 

Add a few drops of solution of potassium hydrate to the solu- 
tion of bromine just obtained. The orange colour will disappear, 
the bromine uniting with potassium and oxygen to form at first 
potassium hypobromite (KBi O), but eventually a mixture of 
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potassium bromide and potassium bi ornate This result is 
analogous to that which takes place when chlorine afcls upon 
potassium hydrate and the potassium hypochlorite thus formed 
is heated to boiling (p. 246); but in the case of bromine the 
potassium hypobromite is soon decomposed even in the cold. 

In practice, to get lid of the bromate, the above mixture is 
gently ignited ; the potassium bromate giyes off its' oxygen (like 
chlorates, p. 247), and pure potassium bromide remains. 


Properties of Bromides. 


[Crystallised potassium bromide, and a solution of it containing 
I grm. dissolved in 40 c.c. of water may be used.] 

1. When mixed with hydrogen sulphate they are de- 
composed, yielding hydrogen bromide mixed with 
vapours of bromine. 

Place a little powdered potassium bromide in a test-tube 
and add a few drops of hydrogen sulphate. A strong action 
takes place, and a gas forming white fumes in moist air is given 
olT, which is hydrogen bromide; but this is itself partly decom- 
posed by hydrogen sulphate, orange vapours of bromine being 
set free. Plence hydrogen bromide cannot be'ohtained pure by 
the same method as hydrogen chloride : it is usually prepared 
by a process of which the principle will be explained under 

IODIDES. 

*2. 'When tested with silver nitrate they give a 
yellowish-white precipitate, insoluble in hydrogen ni- 
trate, but difidcultly soluble in ammonia. 

Add a drop of solution of silver nitrate to solution of potassium 
bromide. A yellowish-white precipitate of silver bromide will 
be formed. Divide the liquirj in wffich the precipitate is sus- 
pended into two parts ; 

(a) add to the one some hydrogen nitrate; the precipitate 
will not dissolve. 


(i) To the Other portion add some ammonia, and warm; the 


^ 

Potassium 

hydrate. 

6K.HO 


Bromine. 
+ 31^12 


Water. 
3 Ha H 


Potassium Potassium 

bromide. bromate. 

+ fiKBr + KBrOa 
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precipitate will dissolve by degrees, but not so readily as silver 
chloride. The iact of its solubility may be proved, without wait- 
ing until all the precipitate has disappeared, by pouring off a 
little of the clear liquid into another lube and adding to it some 
dilute hydrogen nitrate ; the portion of silver bromide which had 
dissolved will be again precipitated. 

*3. They are deconaposed by chlorine, with liberation of 
bromine. 

Atld a few diops of solution of chlorine to some solution of 
potassium biomide in a test-tube. The bromine will be displaced 
by the chlorine fiom its combination with potassium, and will 
dissolve in the excess of potassium bromide, colouring the solu- 
tion yellow. 

Now add a small quantity of carbon disulphide close the 
tube with the thumb and shake the mixture thoroughly ; then 
allow it to stand for a few moments in order that the scattered 
particles of the carbon disulphide may collect at the bottom of 
the tube in one globule, which will be found to have acquired 
an orange tint, while the fluid above it will be colourless. The 
bromine has been withdrawn entirely from the solution by the 
carbon disulphide, in \'Jhich it is very soluble. Pour off most of 
the upper stratum of fluid, fill up the test-tube with water, and 
again pour it off ; then add some solution of potassium hydrate, 
shake it up, and allow it to stand as before. The globule of 
carbon disulphide will be found to have lost its colour, the 
bromine having acted upon the potassium hydrate, to form 
potassium bromide and bi ornate, as just now explained. 

27. IODINE. 

[Symbol of atom,* J 

Weight „ 127 hydrogen-atoms. 

F ormula of molecule, Ij 

Weight „ 254 hydrogen-atoms.] 

The main source of iodine is ‘ k^lp,’ which is the stony ash 


‘ If carbon disnlphide is not at hand, ether will serve the purpose, as it 
will form a coloured stratum on the top of the aqueous solution. 
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remaining when sea-weeds are burnt; sea-plants having a re- 
markable power of absorbing the traces of iodides which exist 
in the water. Iodine has many striking analogies to chlorine 
and bromincj but it is a solid at ordinary temperatures, and its 
vapour when formed is not so injurious and unpleasant as the 
other two elements. Hence it will be unnecessary to take the 
same precautions in experimenting upon if. 

Preparation of Iodine. 

The element is usually obtained from potassium iodide by 
a reaction similar to that by which chlorine and bromine are 
prepared. 

Weigh out 3 grms. of potassium iodide and the same quantity 
of manganese dioxide, mix them intimately in a mortar and 
put the mixture into a porcelain dish about 8 or 9 cm. in 
diameter ; then add 5 c.c. of strong hydrogen sulphate, stir the 
whole thoroughly together, and cover the dish with an inverted 
funnel just large enough to fit within the rim. The outside of 
the funnel should be covered with slips of blotting paper kept 
moist with water, to ensure complete, condensation of the 
vapours, and the end of the tube should be stopped with a plug 
of cork. Place the dish on a sandbath and heat it gently. 
Deep violet vapours of iodine will be formed, and will condense 
in the upper part of the funnel in glittering rhombic plates, the 
crystalline form of which may easily be made out with a magnify- 
ing-glass k In a few minutes sufficient iodine will be obtained 
for use in the following experiments. 

Properties of Iodine. 

[It should be borne in mind that iodine stains the skin yellow, 
and therefore it should be handled as little as possible. A glass 
rod or platinum (not aluminium or bone) spatula should be used. 
Stains may be removed by dilute solution of ammonium hydrate.] 


^ Very fine crystals of iodine are often formed by spontaneous subiima- 
tion on the stopper of a bottle containing it. 
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*1. It melts and volatilises readily, forming a violet 
vapour, muoh 'heavier than air. 

Put a few crystals of iodine into a large dry test-tube, and 
heat them gently. They melt into an almost black liquid, and 
on further heating turn into a splendid violet vapour. Warm 
the upper part of the tube (held in a paper holder, fig. 58, p. 68), 
to prevent the condensation of the vapour, and when the tube is 
full of it pour some out on a white plate. The heavy vapour 
will pour out almost like a liquid, and will condense into a 
cloud of small flakes of iodine which will fall in a shower on the 
plate. 

2. It is scarcely soluble in water. 

Place a crystal or two of iodine in a test-tube, pour on them 
about S or 6 c.c. of water, and shake the mixture. Hardly any 
of the substance will dissolve ; only sufficient to colour the liquid 
a pale yellow. 

3. It readily dissolves iu alcohol. 

Pour off the liquid from the crystals used in the last experi- 
ment, and add to them 2 or 3 c.c. of alcohol. A red solution 
will be at once formed, rapidly deepening in colour, when the 
tube is shaken, until it becomes almost opaque. Now fill up the 
tube with water ; most of the iodine will be reprecipitated as 
a black powder. 

4. It also dissolves in solution of potassium iodide. 

Put about half a gramme of crystallised potassium iodide into 

a test-tube, add ^ or 6 c.c. of water and then a few ciystals 
of iodine. The latter will dissolve even more readily than in 
alcohol ; but it will not be reprecipitated on filling up the tube 
with water. 

* 

[Use the solution in the following experiments.] 

*6. It forms a deep blue compound with starch. 

This is the most characteristic and delicate test for iodine, 
when it is free and uncombined: mere traces of it being re- 
cognisable. 

Pour five or six drops only of the solution of iodine obtained 
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in the last experiment into a beaker, add 100 c.c. of water and 
then 8 or 10 c.c. of a freshly-made solution of Starch A deep 
blue colour will be produced, even in so highly dilute a solution 
of iodine. 

Pour a little of the liquid into a test-tube, add a drop 01 two 
more of the solution of iodine, to deepen the colour, then heat it 
over a lamp. When it has nearly reached the boiling point the 
blue colour will quickly disappear, showing that the compound 
of iodine with staich is decomposed by heat. Cool the liquid by 
holding the tube in a stream of water (or in a jug of cold water) ; 
the blue colour will soon reappear and become as intense as at 
first Hence in testing for iodine by this method care must be 
taken that the liquid is quite cold. 

[Conversely, iodine may be used as a test for starch. If a few 
drops of a very dilute solution of iodine, acidified with hydrogen 
acetate, are put on a piece of writing paper, a blue colour will be 
produced on account of the starch present in the size used in 
making the paper. Similarly, a slice of raw potato may be shown 
to contain starch.] 

e. It decomposes hydrogen, sulphide. 

This is due to its affinity for hydrogen, in which property it 
resembles chlorine. 

Add a little solution of hydrogen sulphide to the rest of the 
solution of iodine in potassium iodide obtained in expt. 4. The 
orange colour of the liquid will disappear, and a slight milky 
deposit of sulphur will be foimed. The iodine has, in fact, 
combined with the hydrogen, forming hydrogen iodide, and left 
the sulphur, for which it has little affinity *. 

This reaction is often used to prepare a solution of hydrogen 
iodide: iodine being shaken up with water, and a current of 
hydrogen, sulphide passed through it."" 


‘ For the method of making this see Appendi.’c B. 

“ Notice that the blue colour reappears first in the lowest part of the 
liquid. It reappears, of course, where the liquid is coldest ; and the fact 
that it appeals at the bottom is a proof that cold water is denser than hot 
water. /■ 

■ ' iSSsr 

2 Ij + a HaS •= 4 HI + Sj 
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28. lOBIDES. 

1 Formula of 

molecule. 

[Typical examples, — Hydrogen iodide, HI 

Potassium iodide, KI 

Silver iodide, Agl 


’ Phosphorus tri-iodide, PIj] 

The formation of one or two of these compounds of iodine 
with other radicles has been illustrated already. Thus iodine 
was shown to combine readily with phosphorus and witli 
mercury (pp. 8i, 82). 

Preparation of Potassium iodide. 

Iodine acts precisely like bromine (and not altogether like 
chlorine) upon metal-hydiates ; a mixtuie of iodide and iodate 
being at once formed, without any intermediate product such as 
hypo-iodite. 

Put 5 c.c. of solution of potassium hydrate into a test-tube, 
and add iodine little by^little, shaking the mixture constantly, as 
long as it is dissolved. A very slight excess should be added ; 
just enough to give the liquid an orange-yellow colour (if too 
much is inadveitently put in, a drop 01 two of potassium hydrate 
may be added). A mixture of potassium iodide and potassium 
iodate is thus obtained which should be evaporated to dryness 
in a small dish. In order to obtain pure potassium iodide, the 
residue must be heated to low redness in the dish, when the 
potassium iodate will he decomposed (precisely like potassium 
chlorate) into oxygen and potassium iodide. Continue the heat 
until the mass ceases to effervesce, melting quietly in the dish ; 
then leave it to cool on sand or wire-gauze. The residue may 
be dissolved in a little water and its purity tested by pouring a 
few drops into a test-tube, diluting with water and adding a little 

■« 

& Potasbbm Potassium Potassium ,,, , 

hydrate. iodide. iodate. ^ater 

6KHO + 3I2 = 5KI KIO3 + 3H3O 

s 
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dilute hydrogen sulphate. If any traces of iodate remain unde- 
composed, iodine will be set free, colouring the ^solution yellow 
If found pure, it may be used m the following experiments. 

Properties of Iodides. 

[A solution of potassium iodide containing i grin, of the pure 
colourless salt ® dissolved in 30 c.c. of water may be used.] 

*1. When mixed with strong hydrogen sulphate, they 
are (as a rule) decomposed, yielding hydrogen iodide 
and iodine. 

Place a little powdered potassium iodide in a test-tube, pour 
on It a few drops of strong hydrogen sulphate, and wann 
gently. Hydrogen iodide will be evolved with effervescence, 
forming white fumes in moist air (like hydrogen chloride) ; but 
it will be mi.xed with violet vapours of iodine. It is, in fact, 
paitly decomposed by the excess of hydrogen sulphate as ex- 
plained below \ 

*2. When mixed with silver nitrate, their solutions give 
a pale yellow precipitate of silver iodide, insoluble in 
ammonia. f , 

Pour a few drops of the solution of potassium iodide into 
a test-tube, dilute with water, and add one or two diops of 
solution of silver nitrate. A yellow precipitate of silver iodide 
will foim in the liquid, which should be divided into two 
portions. 


' The formation of iodine here is due to one of those lemarkable actions 
in which a molecule is built up of two atoms taken from different sources 
(compare the action between hydrogen chloride and hydrogen hypochlorite, 
p. 24,^, note). Hydrogen iodide and hydrogen iodate are first produced by 
the usual double decomposition Then — « 

"Sr '“I-'- 

5 HI + HIO3 = 3 H2O + 3 1, 

^ Potassium iodide is very apt to decompose on keeping, especially if 
exposed to the light, or if it contains any potassium iodate, becoming 
yellow owing to liberation of iodine. 


» Hydrogen _ HydiogeK Hydrogen 

iodide. 'sulphate. sulphite. 

2 HI + HjSO, = HiSOa + H^O 
This reaction will be alluded to again under sulphites. 


Iodine. 
+ I2 
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{a) To the one add some strong hydrogen nitrate, which will 
fail to dissolve it. 

, [b) To the other add excess of ammonia, which will also fail 
to dissolve it; as maybe pioved by allowing it to subside, 
pouring off some of the clear liquid, and adding to this some 
dilute hydrogen nitiate, which will produce no precipitate. 

* 3 . They are dectmiposed by many oxidising agents, 
with hberation of iodine. 

(a) By chlorine. 

Add one drop of solution of chlorine to a very dilute solution 
of potassium iodide (about three drops of the solution to 10 c.c. 
of water). Iodine will be liberated and will colour the solution 
yellow. On addition of 2 or 3 c.c. of solution of starch, the 
characteiistic deep blue compound will be formed. 

[If a considerable excess of solution of chlorine is now added, 
the blue colour will disappear, owing to the formation of a colour- 
less iodine chloride whicli does not act upon starch. Hence in 
applying this test it is important not to use an excess of chlorine. 
It is, in fact, best not to use chlorine at all foi the purpose of 
liberating iodine, but hydrogen nitrite, as described in the next 
experiment.] ■ * 

[b) By nitrifes. 

Add a few drops of dilute hydrogen sulphate to a very dilute 
(see last experiment) solution of potassium iodide, and then a 
drop of a recently-made solution of potassium nitrite. This will 
decompose the hydrogen iodide formed by the action of the 
hydrogen sulphate, and liberate iodine (see p. 169). Shake up 
the yellow solution with a drop or two of carbon disulphide, 
and allow it to stand for a minute. The carbon disulphide 
will be found to have withdrawn tjie iodine from the solution, 
collecting into a deep puiple globule at the bottom of the tube. 

[It will be well to repeat the similar experiment with potassium 
bromide, given on p. 253, and compare the colours of the two 
globules, the bromine imparting a bright orange, the iodine a fine 
purple colour to the carbon disulphide. Notice also that potassium 
nitrite will not decompose hydrogen bromide, but that solution of 
chlorine must be used for the purpose. If an excess of strong 


s 2 
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solution of chlonne is added to the contents of both tubes, and the 
mixture shaken and again allowed to settle, the gjlobule containing 
iodine will be found to have lost its colour, while the globule con- 
taining bromine remains unchanged.] 


Additional Experiments. 

Preparation of Hydrogen^ iodide. 

Apparatus required — Large test-tube ; corks ; coik-liorers ; elbow-tubes 
as used in Ex. T2, p. i88 ; aigand burner, Bunsen’s holder; wooden 
blocks ; one large, and three small gas bottles ; two cylindrical gas jars, 
20 X 5 cm. ; large beaker; glass disc; taper on wire. 

Red phosphorus ; iodine ; litmus-paper ; bleaching powder ; strong hy- 
drogen chloride. 

[It has been shown already in expt. l, p. 258, that hydrogen 
iodide cannot be obtained in a pure condition by a reaction ana- 
logous to that by which hydrogen chloride was obtained, viz. by 
decomposing potassium iodide by strong hydrogen sulphate ; since 
part of the hydrogen iodide is itself decomposed by the hydrogen 
sulphate, and iodine set free. 

Hence to prepare the gas recourse is usually had to the action of 
water on phosphorus tn-iodide. This is of the following nature — 
the iodine combines with half the hydioggn in three molecules of 
water, while the phosphorus together with the rest of the hydrogen 
and the oxygen form hydrogen phosphite (phosphorous acid) 

It has been already seen (p. 81) that phosphorus unites readily 
with iodine, but with a violence which is not easy to control. 
Hence it is best to use the modification of phosphorus called 
‘ red ’ or ‘ amorphous ’ phosphorus, the affinities of which are much 
less strong than those of ordinary' phosphorus. In any case, 
however, the process requires care ; and strict attention must be 
paid to the directions given. 

Take a large test-tube, about 2-5 cm. in diameter and 16 or 
18 cm. in length; adapt to it. a coiK fitted with an elbow tube 
and right-angled delivery tube connected by a cork joint, such 
as was used in the preparation of carbon dioxide, p. 188, and 
support it in an inclined position in a Bunsen’s holder as shown in 
fig. 86. 


Phosphorus . Hydrogen Hydrogen 

tri-iodide. ^ iodide. phosphite. 

PI3 -I- sHaO = 3 HI ■)- H.POs 
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Weigh out half a gramme of red phosphorus in powder', and 
transfer it to the test-tube. Pour upon it l c.c. (not more) of water, 
and then (having previously placed a beaker of cold water within 
reach) add 6 grins, of iodine, and mix the whole by shaking the 
tube, cooling it as soon as the action begins by dipping it into the 
beaker of water. The iodine acts on the phosphorus readily but 
not violently if the temperature is kept down, and the water de- 
composes the phosphoKus tn-iodide, as above explained. We thus 
obtain a very strong solution of hydrogen iodide, fiom which the 
gas will be given off abundantly when it is very gently heated. 



Fig. 86. 


Replace the cork with deiivery tube, and ic-adjust the apparatus 
in the holder, placing under the end of the delivery tube a small 
gas bottle covered with a card having a notch cut in it (fig. 82, p. l8g). 

' It is usually sold in a state of powder. If, however, you have obtained 
It in lumps, it must be ground with care to a coarse powder in a mortar, 
covering it with water while'ctushiiig it vftth the pestle, in case any small 
pal tides of 01 dinary phosphorus maybe present which might inflame by 
the friction and set the whole mas.s on fire; then pour off the water and 
transfer the moist powder to the test-tube. 
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Now heat the mixture in the test-tube very carefully with a lamp; 
the gas will soon begin to pass over into the bcfttle, and from its 
very high density (4^ times that of air) it may most readily be 
collected by downward displacement, its position in the bottfe 
being tested, as in the case of hydrogen chloride, by a lighted 
taper. Three small bottles and one cylindrical gas jar should be 
filled with the gas, the flame of the lamp being very slightly raised 
if the evolution of gas becomes slow. r 

The unstable nature of the gas will be at once noticed ; a slight 
deposit of iodine will be found in the bottles, even if kept only for 
a short time ; and vapours of iodine will be seen whenever the 
lighted taper is immersed in the gas. 

In most other respects hydrogen iodide strongly resembles 
hydrogen chloride, and the following properties of the gas may be 
examined in exactly the same manner as the corresponding pro- 
peities of hydrogen cldoride described in Ex. 22, p. 237, which 
should be refeiTed to for the details of the experiments. 

1 . Its pungent smell and the white fumes it produces in 
moist air. 

2 . Its extremely high density, i,\ times that of air. 

3 . Its acid reaction on litmus 

4 . Its relation to combustion. 

6. Its solubility in water. 

• 6. Its decomposition by chlorine. ' ^ 

This reaction serves to distinguish it from hydrogen chloride, and 
also illustrates well the relative affinities of chlorine and iodine for 
hydrogen. 

Place a large wide-mouthed gas bottle on a sheet of white paper 
before you. Pour into the bottle a little hydrogen iodide from one 
of the small bottles, then make a little chlorine by pouring a few 
drops of strong hydrogen chloride upon a little bleaching powdet 
in a test-tube, and pour some of the gas (by inclining the tube) 
into the large bottle containing the hydrogen iodide. Violet clouds 
of iodine will be formed when the gases mix ; the chlorine, from 
its stronger affinity, combining' with the hydrogen and liberating 
iodine. 

[After the experiment, wash out the test-tube containing the chlorine with 
plenty of water, that the gas may not escape unnecessarily into the room.] 

■ It will be noticed that a brown deposit’ of iodine is formed on the 
litmus and that the colour of the lattei is eventually destroyed, although 
iodine has by no means ihe same strong bleaching powers as chlorine and 
bromine. 
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The relative affinities of chlorine, hromine, and iodine, 
respectively, for other radicles. 

These three elements form an unusually well defined natural 
group. A regular gradation of properties exists between them, 
bromine always occupying the middle place ; as shown by theii 
colours, their freezing and boiling points, the weights of their atoms, 
their affinities for hydrogen, &c., for a fuller account of which 
analogies a theoietical text-book must be consulted. 

1. As a geneial rule, chlorine shows the strongest chemical 
power, and iodine the weakest. The bleaching effects of chlorine 
(expt. 4, p. 232), the violence with which it combines with hydro- 
gen (expt. 8, p 233), and the fact that it displaces both bromine 
(expt. 3, p. 253) and iodine (expt. 3, p. 259) from most of their 
compounds, are proofs of this. The following experiments may 
serve to illustrate the relative displacement-powers of the three 
elements. 

(a) Put a few drops of solution of potassium bromide into a test- 
tube, dilute with about J c.c. of water and add a few drops of solu- 
tion of chlorine. Diomine will be liberated, showing that chlorine 
has a stronger affinity for potassium than bromine has. 

(d) Add to the above solution a few drops of carbon disulphide, 
shake up, and allow tht globule to subside. Fill up the test-tube 
with water, and wash the globule by decantation with three or 
four changes of water, to free it from all traces of chlorine. Add 
to the washed globule containing bromine 4 or 5 c.c. of solution 
of potassium iodide and shake it up. The orange colour of 
the globule will rapidly change to violet, and if a little solution 
of starch is added and the mixture again shaken, the blue com- 
pound characteristic of iodine will be observed. This proves that 
bromine has a stronger affinity for potassium than iodine has. 

2. It must, however, be observed that this displacement-power 
depends very much upon^the radicles with which the chlorine, 
bromine, and iodine are associated, and the conditions under which 
the action takes place. The following experiment will show that, 
under some circumstances, bromine can displace chlorine, and 
iodine can displace bromine. 

Put eight or ten dropsof solution of ammonium chloride into a test- 
tube, dilute with 3 or 4 c.c. of water and add about two drops (not 
more) of solution of silver nitiate. A white precipitate of silver 
chloride will, of course, be fonned. Add to this, little by little, 
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solution of ammonium carbonate, shaking the mixture after each 
addition, until the precipitate is just re-dissolvM. The solution 
now contains a compound of chlorine with silver and ammonium. 

[a) Add to the solution a few drops of solution of potassium 
bromide b A yellowish-white precipitate of silver bromide will 
be formed. Thus bromine htis displaced chlorine from Us com- 
bination with silver. 

Add to the mixture solution of ammonium hydrate until the pre- 
cipitate is just re-dissolved. The solution now contains a compound 
of bromine with silver and ammonium. 

(ii) Add to this solution a few drops of solution of potassium 
iodide. A yellow precipitate will be formed, easily recognisable 
as silver iodide. Thus the iodine has been able to displace the 
bromine and unite with the silver. 


29. PLUORIBES. 

Formula of 
molecule. 

[Typical examples, — Calcium fluoride, Ca Fj 
Hydrogen fluoride, HF] 

This is the fiist element of those d^alt with in this book 
which the student cannot examine in the fiee condition; indeed, 
its chemical affinities are so intense that until lately all attempts 
to isolate it only resulted in its tiansference from one combination 
to another. It has now, however, been obtained, though with 
■great difficulty, and is found to be a gas having many points 
of similarity to chlorine ; as was long ago predicted from the 
close analogy between many of its compounds and those of 
chlorine. 

Its chief natural source is the mineral ‘fluor spar ’ (calcium 
fluoride), from which its only other hTghly important compound, 
hydrogen fluoride (‘hydrofluoric acid’), is easily obtained by 
the action of strong hydrogen sulphate (compare the reaction by 
which hydrogen chloride is obtained from sodium chloride, 
p. 230). 


Solution of bromine will answer as well, if at hand. 
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Preparations of Hydrogen fluoride, and its action 
upon glass. 

Hydrogen fluoride has a remarkable power of decomposing 
and dissolving glass and other silicates, owing to its aflSnity for 
the silicon they contain. Hence it is extensively used for 
engraving and etchii^ glass, as in forming graduations on 
thermometers, labels on bottles, patterns on lamp glasses, &c. 

Take a small cup of lead or platinum {a leaden ink-well 
answers perfectly) ' and put into it as much powdered fluor spar 
as will lie on the end of a spatula. Obtain a piece of sheet 
glass about 6 cm. square, lay it on wire-gauze and warm it 
gently over a lamp-flame. When it is fairly hot, rub over its 
surface a piece of beeswax (or wax candle) wrapped in a bit of 
calico, so that the wax as it melts may filter through the calico 
and form an even layer upon the plate. Set it up edgeways to 
cool, on a piece of paper, and then place it with the coated side 
upwards on the table, and tiace on it with a pointed piece 
of wood (a match cut like a pencil answers very well) any 
letters or device which may occur to you, taking care that the 
lines are drawn quite ttuough the wax so as to expose the baie 
glass. Pour enough strong hydiogen sulphate upon the fluor 
spar in the leaden dish to make a thin paste, mix the two 
thoroughly by stiiring with a glass rod (which should be washed 
immediately afteiwards) and cover the dish with the piece of 
glass, the coated side being downwaids. Heat the dish very 
gently by placing it on some warm sand, and leave it for a shoit 
time undisturbed, taking especial care not to use so much heat 
as to melt the wax. The hydrogen sulphate will decompose 
the fluor spar, fanning calcium sulphate, while gaseous hydrogen 
fluoride will be evolved ® which will act upon the glass where it 


* A cup of lead may be made by turning np the edges of a circular piece 
of thin sheet lead about 7 or 8 cm. in diameter. It should be placed in a 
mortar just large enough to hold it, and moulded into shape by strong 
pressure with the pestle. " 

“ Calcium Hydrogen Calcium "Hydrogen 

fluoride. sulpliatc. sulphate. fluoride. 

CaFa T HaSO, CaSOa + 2 HF 
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is unprotected by the wax. In about ten minutes the glass may 
be removed from the cup ; the pungency and ‘the acid reaction 
on litmus-paper of the fumes of hydrogen fluoride should he 
noticed, and then the cup with its contents should be dropped 
at once into a jug of water and afterwards well washed out, in 
order that the glass bottles in the room may not be damaged. 
The wax may be removed fiom the glass,.by W’aiming the latter 
on wire-gauze and rubbing it with blotting paper, and finally 
with a cloth dipped in turpentine ; and the device will be -found 
deeply and permanently etched into the glass. 

The chief compound formed in the action of hydrogen 
fluoride on glass is silicon tetiafluoiide, the preparation and 
propel ties of which will be described under silicates. 


Before proceeding further it will be advisable to gain some 
more experience m analysis ; taking, as before, single salts 
of an alkali-metal (such as sodium) united with one of the 
ladicles aheady treated of, and examining each of them for 
the latter constituent. A short course, including all the radicles 
hiiheito examined, is given in Appendix C. 


30. STILPHUE. 

[Symbol of atom, S 

Weight „ 32 hydrogen-atoms. 

Formula of molecule, Sj 

Weight „ 64 hydrogen-atoms.] 

Preparation of sulphur from pi^ites. 

Sulphur is usually obtained from volcanic districts where it 
is found ‘ native ’ or uncombined ; but large quantities of it are 
also procured from ‘ iron pyrites,’ a very common mineral, which 
consists of iron united with sulphur (FeSj). When this is heated 
(air being excluded) it gives off one-third of the sulphur it 
contains, as the following experiment will show. 

Powder a small fragment of iron pyrites in a porcelain mortar 
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and place it in an ignition-tube. Heat it to redness in the 
lamp-flame, and viotice that a sublimate of sulphur is formed in 
yellowish-brown drops in the cool part of the tube. It may be 
proved to be sulphur by cutting off the sealed end of the tube 
(which may be effected by touching it while still hot with a drop 
of water) and heating the sublimate gently in a small lamp- 
flame, while the tube is held obliquely so that a current of air 
may rise through it. The sulphur will be oxidised to sulphur 
dioxide (the gas formed by burning sulphur in oxygen, p. 122), 
vhich may be recognised by its odour and by its acid reaction 
on a piece of moist blue litmus-paper held at the upper end of 
the tube. 

Allotropic forms of Sulplmr. 

The properties of common sulphur, such as its colour, brittle- 
ness, ready fusibility (at 115°), inflammability when modeiately 
heated in air, will have been noticed already. The density 
of a piece of sulphur may be taken by the method explained 
on p. 52: it will be found to be almost exactly twice that of 
water. 

Ordinary sulphur, in the shape of ‘ roll sulphur ’ or ‘ flowers of 
sulphur,’ consi.sts mainly of one of the three allotropic forms in 
which sulphur (like carbon) occuis. An account of these will 
be found in any text-book on chemistry ; the following experi- 
ments will illustrate the modes of preparing them. 

1. Sa (octobedral sulphur). This is the most stable form, 
and the one in which sulphur neaily always crystallises from 
solutions of it. 

Place about a gramme of ‘ flowers of sulphur ’ in a dry test- 
tube, and pour over them about 5 c.c. of caibon disulphide. 
Leave the tube, loosely ceyked, in a beaker of warm^ water 
for a few minutes, shaking it occasionally. Care must be taken 
that there is no lighted lamp or lire near at hand, on account 
of the inflammability of the carbon disulphide. There will 
be a residue left, not necessarily because there is not sufficient 

' so c.c. of boiling water mixed with the same volume of cold water 
will do. It should not be so hot as to cause the carbon disulphide to 
boil. 
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disulphide to dissolve the substance, but because the flowers 
of sulphur consist of two varieties of the elemfint, of which one 
only is soluble in caibon disulphide. Filter % 

f fluid quickly into another tube, through a small, 
perfectly dry filter. Pour the solution into a watch 
glass, and leave it on the table to evaporate. The 
caibon disulphide, from it^ great volatility, will 
quickly pass ofif, and small transparent crystals of 
sulphur will be formed and rapidly increase in size, 
They may be easily recognised, especially if a 
magnifier is used, to be rhombic octohedra, fig. 87, 
2. S/3 (prismatio sulphur). This is the form 
in which sulphur is obtained by crystallisation from a melted 
state, 

Place some pieces of roll sulphur in a small evaporating 
dish and heat it gently on a sandbath over a lamp until the 
sulphur is just melted ; adding more sulphur by degiees until 
the dish is nearly full of the liquid. As soon as the whole has 
liquefied, remove the dish to the table and 

/ allow it to cool until a crust forms at the 
edges and long ci-ystals begin to shoot 
across the surface towards the centre. 
Then, without delay, pour out the portion 
which is still fluid into a large dry test-tube 
(for use in the next e.xperimenc). The 
interior of the dish will be found lined with 
gg needle-shaped transparent crystals, fig. 88, 

which are refeired to the oblique prismatic 
(or monoclinic) system, a system totally distinct from that to 
which the crystals obtained from solution in expt. i belong 
(fig. 87). In a few days the prismatic crystals lose their trans- 
parency, and aie spontaneously converted into aggregations 
of minute octohedra. 

3 . (plastic stilphur). This is the most lemarkable form 


Fig. 88. 


The experiment is best made on a rather laiger scale, a common clay 
crucible about 10 cm. in height being used instead of the dish. 
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of the three, jind is obtained by the action of heat upon ordi- 
nary sulphur. ' 

, Take the large test-tube containing the sulphur poured off 
from the crystals in the last experiment, add a little more 
.sulphur and support it in a slanting position on a piece of wire 
gauze in the retort stand, resting it in the smallest retort ring. 
Lay a coik loosely in, its mouth (to prevent entrance of air) 
and heat it, gently at first, by an argand burner, turning the tube 
round frequently, to equalise the heat. While it is being gently 
heated, fill a jug with cold water, and place in it mouth down- 
wards a large’ funnel. The sulphur will first melt to a clear 
pale-yellow fluid, almost as mobile as water. Pour a few drops 
of it into some water in a dish : it will solidify into the usual 
yellow, buttle mass. Heat the remainder more strongly, putting 
a Bunsen's burner under the wire-gauze and turning the tube 
slowly round (the gas may be lighted above, as well as below 
the gauze). As the temperature rises higher the liquid will 
darken in colour and become thickei and thicker, until it has 
so far lost its fluidity that the test-tube may be inverted for 
a moment without spilling any of it. When the heat is further 
raised it beconies again fluid, but not so much so as at first. 
When it has reached this point, take hold of the test-tube with 
a paper holder (p. 68), and pour its contents in a thin 
stream into the cold water in the jug, round (not into) the stem 
of the funnel. By being thus suddenly cooled, the sulphur will 
be pieseived in the allotropic condition into which it has been 
converted by heat, and on lifting the funnel out of the water, 
the threads of sulphur which sui round it will be found to be 
semi-transparent, soft, almost as elastic as india-rubber, and 
scarcely soluble in carbo^i disulphide. If the residue in the 
test-tube be watched as it cools, it will be seen to undergo the 
same changes as when it was being heated, but in a reverse 
order, becoming thick, then losing its dark colour and becoming 
fluid again, and finally solidifying to a yellow, crystalline, brittle 
mass. It is only when the temperaftire has been raised nearly 
to its boiling-point that the above modification, called ‘ plastic 
sulphur,’ is obtained. The elastic threads should be dried 
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with a cloth, and put aside in a bottle. In a few days they 
will be found to have lost both their transparency and their 
plasticity (being, in fact, reconverted into the ordinary form), 
but will still be in a great measure insoluble in carbon disulphide, 


31. SULPHIDES. 

Formula of 
molecule. 

[Typical examples, — Iron protosalphide, FeS 

Hydrogen sulphide, H^S 

Lead sulphide, PbS 

Ammonium sulphide, (H^NjuS] 

These are compounds of sulphur with other radicles. Some 
of them Cfin be obtained by simply heating the substances 
together: copper, for instance, combines with sulphur when 
heated, as has been already proved in expt. 3, p. 82. Sulphur 
will, in a similar way, combine with iron, but a higher tem- 
perature is required. 

1. Preparation of iron protosulphide. 

Mix about 3 grms. of iron filings with 2 grms. of sulphur, 
and heat them strongly in a small test-tube. The sulphur will 
melt and eventually boil, filling the lower part of the tube 
with its dark yellow vapour. When the bottom of the tube 
becomes led-hot, a bright glow will spiead through the iron 
filings as the metal combines with the sulphur (just as it did 
with oxygen, p. 123) to form iron protosulphide. Allow the 
tube to cool, and keep the bronze-coloured residue for use in 
the next experiment. 

2. Preparation of hydrogen sulphide. 

. . f 

[This gas IS so extremely poisonous and offensive in smell 

that all expenments with it must be made in a draught cup- 
board, or in the open air. The best method of getting rid of any 
of the gas which escapes into the room is to place a little bleaching 
powder on a plate and add a few drops of dilute hydrogen chloride. 
This will liberate chlorine, eTs already explained, which will diffuse 
into the air and decompose the hydrogen sulphide. Do not, 
however, add too much acid to the bleaching powder, lest the 
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lemedy should prove less endurable than the evil it is intended 
to cure.] 

Hydrogen sulphide is obtained by the action of acids on 
many sulphides; the hydiogen of the acid uniting with the 
sulphur at the moment of its liberation. Iron protosulphide 
(the substance you lately obtained by the union of iron -with 
sulphui) is, on the whole, the most convenient for the purpose. 

Take the test-tube containing the iion protosulphide made 
in the last experiment and detach the substance from it by 
an iron wire (this will probably result in breaking the tube, 
since the substance becomes fused into the glass by the heat 
evolved in its formation). Powder the lump of iron sulphide 
and put it into a moderate-sized test-tube, to which should be 
fitted by a cork a short 'bit of glass tubing about 4 or 5 mm. 
in internal diameter (which answers better than a smaller jet). 
Suppoit the test-tube upright, resting in the smallest ring of 
the letoit stand in a draught cupboard, pour 4 or 5 c.c. of dilute 
hydiogen chloride upon the iron .sulphide, and immediately fit 
the coik into its place. Hydrogen sulphide will be at once 
given off with effervescence: the action being an 01 dinary 
double decomposition^ iion sulphide and hydrogen chloiide 
giving iron chloiide and hydrogen sulphide'. 

The following properties of the gas may be examined (a few 
drops of stioiig hydrogen chloride being poured into the test- 
tube if the evolution of gas is slow) ; — 

*1. Its extremely fetid smell, like that of rotten eggs. 

These, in fact, give off the gas; since they contain sulphur 
vhich unites with hydrogen during the process of decay. 

2. Its acid reaction on litmus-paper. 

Hold a bit of wetted Jitmus-paper close to the tube from 
which the gas is issuing. It wiU be reddened, but not very 
strongly. 

3. Its inflammability. 

Apply a light to the end of the tube. The gas will catch fiie 

^ Iron Hydrogen lion ’Hydrogen 

sulphide. chloride. chloride. sulphide. 

l<eS + 2HCI - leClj + HaS 



SULPHIDES. 


273. 

and burn with a blue flame, uniting with the oxygen of the air 
to form water and sulphur dioxide’. To prove this, invert 
a small dry gas bottle over the flame : moisture will be de- 
posited on it, and the presence of sulphur dioxide in it will 
be proved by its characteristic odour, and the strong acid 
reaction shown when a piece of blue litmus-paper is put into 
the bottle. ^ 

Notice that some sulphur is deposited on the sides of the 
bottle, especially if there is an insufficient supply of air to the 
jet. The cause of this is similar to that of the deposit of soot 
in an ordinary candle flame. Oxygen has a greater affinity 
for hydiogen than for sulphur, and hence, when there is not 
enough oxygen to unite with both, some sulphur is left uncom- 
bined. 

4. Its solubility in water. 

One volume of cold water dissolves about three volumes of 
hydrogen sulphide ; the method of making the solution, which 
is much used in the laboratory as a test, is given on p. 275. 

*6. Its action on compounds of lead, turning them black. 

Pour a drop of solution of lead acetate upon a bit of white 
blotting paper and hold it in the stream <of gas issuing from the 
tube. It will immediately turn black, owing to the formation 
of lead sulphide. 

This is the most delicate test for the presence of hydrogen 
sulphide, and will seive, for instance, to detect the presence of 
traces of it in ordinary coal gas. 

0. Its decomposition by chlorine. 

Put a small gas bottle, inverted, over the tube from which 
the gas is issuing, so that the tube projects some way up into 
the bottle ; and leave it in this posifion, supported by a retort 
ring, for about a minute (the gas is slightly heavier than air, 
but the bottle can be thus sufficiently filled). Meanwhile put 
a little bleaching powder (about as much as will lie on the end 
of a spatula) into a similar gas bottle, pour on it a few drops of 


+ 


Hydrogen ' 
sulphide, 
aHjS + 


Oxygen. 

3O2 


Water, 
2 HjO 


Sulphur 
dioxide. 
2 SO2 
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stiong hydrogen chloride to liberate chlorine (as in expt. 2, 
p. 243) and laji a glass plate over the mouth of the hottle 
(which should, of course, be placed in the draught-cupboard). 
When the first bottle is fairly full of hj’drogen sulphide, which 
may be tested by holding a bit of blotting paper soaked in 
lead acetate near its mouth, place it (still inverted) upon the 
mouth of the bottle containing chlorine, and withdraw the glass 
plate coveiing the latter. The gases will slowly mix, and 
the chlorine will decompose the hydrogen sulphide, combining 
with its hydrogen and liberating sulphur, which will be deposited 
in the bottles 

This illustrates the employment of chlorine as a disinfectant 
(already alluded to, p. 235) to destroy the hydrogen sulphide and 
other offensive and poisonous gases given off from putrefj-ing 
oiganic substances. 

7. Its decomposition by hydrogen nitrate. 

Add to a little strong solution of hydiogen sulphide a few 
diops of strong hydrogen nitiate, and warm the mixtuie, A 
milky deposit of sulphur will be formed, since the acid readily 
gives up oxygen which unites with the hydrogen of the gas. 

Hence we learr tha> in the couise of an analysis hydrogen 
sulphide should never be added to solutions which contain much 
free hydrogen nitrate or chlorine. 

Similarly, the solution of the gas is decomposed by the oxygen 
of the air ; and hence it is best to keep it in a closely-corked 
bottle, inverted in a glass of water. 

8. Its tise in testing for metals. 

This depends upon its pioperty of decomposing many 
metal-salts when in solution, the sulphur of it uniting with the 
metal to form a sulphide. jVIany of these sulphides are insoluble 
in water, some even in acids, and their colours are often very 
characteristic. 

To illustrate this, take dilute solutions of the following metal- 
salts (three or four drops of the ordinal y laboratory solution 


+ 


Hydrogen 
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Sulphur. 
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to 5 c.c. of water), and add to each several diops of solution of 
hydrogen sulphide. “ 

{a) Copper sulphate. A black precipitate will be formed, of 
copper sulphide. 

(b) Arsenic chloride ’. A yellow precipitate will be formed, 
of arsenic trisulphide. 

(c) Zinc sulphate, A whte precipitpite will be formed, of 
zinc sulphide. 

Tests for Sulphides. 

*1. They are, in general, decomposed by acids, giving 
off hydrogen sulphide. 

(a) Add a few drops of dilute hydrogen sulphate to a little 
solution of ammonium sulphide, and wai m the mixture. Hy- 
drogen sulphide will be given off, and may be recognised by its 
odour and its action on a strip of blotting paper moistened with 
a drop of solution of lead acetate. Moreover, if the solution of 
ammonium sulphide has been made some time and has become 
yellow, a white, milky precipitate of sulphur will be produced 
We leai n from this that ammonium sulphide (a test very com- 
monly employed in the laboratory) should never be added to a 
solution containing a free acid. 

( 5 ) Add 2 or 3 c.c. of strong hydrogen chloride to a small 
quantity of antimony sulphide. No decomposition will in this 
case take place until the liquid is boiled, when hydrogen 
sulphide will be given off, and may be recognised by lead 
acetate paper in the usual wav. This is a process which is 
sometimes used with advantage for obtaining the gas. 

*2. Their solutions, when tested with silver nitrate, 
give a black precipitate. 

Dilute two or three drops of solution of ammonium sulphide 
with 5 c.c. of water and add a drop of solution of silver nitrate. 


^ This may be made by dissolving a very small quantity of arsenic tri- 
oxide (white arsenic) in a few drops of hydrogen chloride. 

I The reason is, that ammonium protosulphide slowly absorbs oxygen 
from the air, forming ammoniH, water, and sulphur — 

3 (H^N'aS - 4H3N s 2 H,0 + S2 

and the sulphur combines with another portion of the sulphide to form 
ammonium disulphide, from which it is separated when an acid is added. 
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A black precipitate of silver sulphide will be formed, which will 
not dissolve on acWition of dilute hydiogen nitrate. 

*3. They are decomposed by fusion witb potassitim 
hydrate, yielding potassium sulphide, soluble in -water. 

Powder in a porcelain mortar a small bit (about the size 
of a pea) of iron protosulphide or of iron pyrites ; add a bit of 
potassium hydrate* about the same size, and grind the whole 
thoioughly together. Fill the bulb of an ignition-tube with the 
mixture, and heat it to full redness in a Bunsen’s burner for 
half a minute. The potassium hydrate will decompose the iron 
sulphide, with formation of potassium sulphide. Before it cools, 
dip the bulb into a few drops of water in an evaporating dish, 
when it will crack to pieces and the potassium sulphide will 
dissolve in the water. The presence of a sulphide in the solu- 
tion may be proved by the blackening which takes place when 
a drop of the liquid is put upon a clean silver coin, or a piece 
of blotting paper moistened with lead acetate. 

This is the best way of detecting the piesence of a sulphide 
in minerals such as galena (lead sulphide), blende (zinc sulphide), 
or the golden-yellow scales which often occur in coal, and which 
are iron persulphide (ir<3n pyrites); and the experiment should 
be tried with at least one of the above. 

Additional Experiment. 

Preparation of solution of Hydrogen sulphide. 

Apparatus required — Flask fitted with coik, elbow-tube, and tube 
funnel, as used in Ex. 12, p. 1S8 ; retort-stand ; wire-gauze ; two elbow- 
tubes, fig 32, p. 31 , two ditto, fig. 33, p 32 ; two wide-monthed 
bottles, holding about 200 or 300 c.c., fitted with corks ; cork-boiers; 
rat-tail file ; india-rubber conqfctors. 

Iron protosulphide ; strong common hydrogen chloride ; distilled 
water. 

This is a reagent which, as already indicated, is constantly 
required in the laboratory, in spite of its offensive and poisonous 
properties. In most laboratories a stopk of it is kept ready, but 


’ Sodium carbonate will also answer the purpose, but the temperature 
required for the decompoaition is higher. 


T 2 
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the student should, if time peimits, learn the way of making the 
solution for himself; n 

Bore two holes in the cork fitted to one of the wide-mouthed 
bottles, and fit into one hole a short elbow-tube and into the other 
the long branch of one of the other tubes ; passing it so far through 
the cork that it may reach nearly to the bottom of the bottle. 
Adapt elbow-tubes to the other bottle in a similar way, and fill 
both bottles about three-fourths full of distilled water 

Place in the flask about 20 grms. of iron protosulphide, previously 
broken by a hammer into lumps about as large as peas (sliding the 
pieces down the neck, held slanting), and arrange it on the 
retort stand with a piece of wire-gauze beneath it, at such a height 
that the elbow-tube may be conveniently connected by india-rubber 
tubing with the elbow-lube passing into the water in one of the 
bottles. Connect the bottles by a short bit of india-rubber tubing 
in such a way that the gas from the flask may bubble through the 
water 111 each bottle successively, as shown in fig. 89. 

[In the figure a small wash-bottle containing a little water is shown, 
inteiposed between the flask and the first of the larger bottles. This is 
not necessaiy, but is useful in order to letain any vapour of hydrogen 
chloride or other impurities which may come over with the gas. If used, 
it may be supported upon a glass or wooden disc placed on one of the 
rings of the retort-stand as shown in the figure.] 

The whole apparatus should be placed in tp draught- cupboard ; 
or at any rate all gas which escapes from the last bottle should 
be led through a long tube out of the window, or into a chimney 
or stove-flue in which there is a good draught “ 

Pour into the flask just enough distilled water to cover the iron 
sulphide, and carefully try the tightness of every joint in the 
usual way : observing that the tube funnel is long enough to 
contain the rather high column of water which will be forced up 
into it. 

Having ascertained that the joints are tight, pour into the flask a 
little strong hydrogen chloride. The evolution of hydrogen sul- 
phide commences without the appIiiTation of heat (although some 


‘ It is an advantage to boil tliis water for about a quartei of an hour 
previously, in order to free it from air; allowing it to cool, of couise, 
before placing it in the bottles. This obviates the decomposition of some 
of the hydrogen siflphide by the oxygen winch ordinary water always holds 
in solntion, 

^ Or the gas may be led to the bottom of a tall jar, filled with lumps of 
pumice or coke moistened with a solution of caustic soda. 
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little time may elapse before the action begins), and, if the stream 
is not too rapid, til’s greater part of the gas is absorbed by the water 
in the bottles. You will observe, however, that some gas passes 
through the water unabsorbed. This consists mainly of hydrogen, 
the evolution of which is due to the presence of uncombmed iion in 
the sample of iron sulphide. 

When a steady stream of hydrogen sulphide has passed through 
the bottles for live or si« minutes, disconnect the fiist bottle, and 



connect the other directly with the flask. Ascertain whether the 
water is saturated with the gas, in the following way. Take out the 
cork and tubes, close the bottle tightly with the thumb or palm of 
the hand, and shake it briskly for a few seconds in order to bring 
the water thoroughly in contact with the gas. Hold the bottle in a 
slanting position with its mouth downwards, and relax the pressure 
of the hand, noticing whether any bubbles of air, enter the bottle, 
or whether on the contrary the liquid is forced outwards. In the 
latter case the water is fully saturated with the gas ; in the former 
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case the bottle must be again connected with the flask as at first, 
and more gas passed through it. r 

When no more gas is absorbed by the water in the first bottle, it 
may be withdrawn, and a little more gas passed through the water 
in the second bottle, which is already partially saturated by the 
excess of gas which has passed through the first bottle. The whole 
of the solution should then be poured into a larger bottle, which 
should be kept, well corked, in an inverted position, resting in a 
tumbler or test-glass half full of water. 

Finally, take the apparatus to pieces at once, in the open air, 
and throw away the contents of the flask, washing it out thoioughly 
with water. 


COMPOUNDS OF SULPHUR WITH OXYGEN. 

32. SULPHUR DIOXIDE. 

[Formula of molecule, SOj 
Weight „ 64 hyclrogen-atoms.] 

Apparatus required — Flash, elbow-tubes, &c., used in Ex. 12. p. 188; 
one large and six small gas bottles; gas jar, 20 x 5 cm.; taper on wire; 
glass disc ; deflagrating jar and cup ; basin of water. 

Small strips of sheet copper ; strong common hydrogen sulphate ; sulphur ; 
blue litmus-paper ; solution of logwood or a little common violet ink made 
from magenta ; a few flowers, such as roses, violets, or pansies, 

Sulphnr dioxide is the product invariably formed by synthesis 
when sulphur is burnt in oxygen or air, as seen already, p. 122. 
It is, however, usually piepared b,v a process of analysis, viz. 
by the action of mercury or copper upon hydrogen sulphate, 
the exact nature of which will be explained later. 

The gas is very soluble in water, and should therefore be 
collected by displacement, which, from its great density, may 
be readily accomplished.' It is very corrosive and poisonous, 
and hence it should be prepared and all experiments made with 
it in a draught-cupboard. 
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Preparation of Sulphur dioxide. 

, Ai range an apparatus similar to that used in pieparing car- 
bon dioxide (lig. 8i, p. i88)*. Place in the flask about ten 
or twelve small strips of sheet copper®, add 6 o c-c. of strong 
common hydrogen sulphate, and heat cautiously. The chemical 
change is analogous tq, that which occurs when coppei acts upon 
hydrogen nitrate (p. 172) ; hydrogen is first displaced from the 
acid by the metal, and this ‘ nascent ’ hydrogen acts upon 
another molecule of the acid, taking away some of its oxygen 
with foimation of sulphur dioxide and water 

The action scarcely commences until the boiling point of the 
acid is reached (about 340° C.) and the gas is rendered cloudy 
at first by particles of the acid which are thiown up as 
spray ; these, however, soon subside, and their presence will not 
interfere with the experiments. Collect one large and five 
small bottles of the gas, using a lighted taper, as in the case of 
hydrogen chloride, to ascertain when the bottles are full. 
[Reserve the large bottle for use in Exercise 34.] 

Properties of Sulphur dioxide. 

*1. Its sufifooatiag odour will have been already sufficiently 
noticed. 

2 . Its high density, more than twice that of air. 

3 . Its relation to combustion. 

These two properties may be illustrated, as in the case of 
hydrogen chloiide (p. 237), by placing a lighted taper in an 
empty gas jar, and pouring sulphur dioxide upon it. 

* 4 . Its solubility in -i^ater, forming an acid. 


' It is advisable, though not necessary, to interpose a small wash-bottle 
containing a little water, to retain any spray of acid which may come over. 

- It IS slightly preferable to use about 20 grms. of mercury instead of the 
copper, as the action is more regular ; butrfhe expense is greater. 

' c«pp*'- Sph.r." SfE. w.,*. 

Cu + 2 H,SO, -- CuSO, + 2 HjO + SO^ 
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Replace the stopper of a bottle of the gas by a glass plate, 
invert it, and withdraw the plate under water in the supple- 
mentary pan of the pneumatic trough (or a basin). On shaking 
the bottle so as to wet the sides, the gas will be readily, though 
not suddenly, absorbed. 

In this case, as already noticed, p. 122, an acid, hydrogen 
sulphite, is formed as may be proved Jjy dipping a piece of 
blue litmus-paper into the solution. 

6. Its combination with metal-oxides or hydrates to 
form sulphites. 

Pour 10 c.c. of solution of potassium hydrate into a bottle of 
the gas, inserting a strip of paper between the neck and the 
stopper, and shake up the solution with the gas. Combination 
will readily take place, and the odour of the gas will entirely 
disappear, potassium sulphite being formed 
■^e. Its bleaching action on organic colours. 

[d) Take 20 c.c. of a rather dilute solution of logwood or 
cochineal, or of the dye known as ‘ magenta ’ (made by boiling 
a little of the substance in water for a few minutes ) ; pour about 
half of it into a bottle of sulphur dioxide, reserving the other 
half in the tube for comparison; put a Strip 'of ^paper between 
the neck and the stopper, and shake the bottle for half a 
minute : then pour out the liquid into a test-tube. It will have 
nearly or quite lost its colour. 

(i) Put a deflagrating jar on a plate containing a little water, 
and place it in some flowers, such as roses, violets, and pansies, 
previously wetted with water. Heat a little sulphur in a de- 
flagrating cup, until it begins to burn in air, then place it in 
the jar. The sulphur dioxide produced will more or less quickly 
take away the colours from the flowers; the reds and the blues 
being soon bleached, rvhile the greens resist a prolonged action of 
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the gas. It does not, however, discharge the colour so completely 
as chlorine, and iJ the flowers are dipped in very dilute hydrogen 
sulphate, and left for some hours, their colour will be in most 
cases restored. 

This experiment illustrates the chief practical use of sulphur 
dioxide, viz. in bleaching flannel, straw for hats, &c. 


Additional Experiments. 

1. Action of sulphur dioxide on hydrogen sulphide. 

Make a little hydrogen sulphide by putting a veiy little powdered 

iron protosulphide into a small gas bottle and pouring on it a 
few drops of strong hydrogen chloride. Cover the mouth of the 
bottle with a glass plate and leave it in a draught-cupboard for 
a minute to fill with gas. Take a small bottle of sulphur dioxide, 
replace its stopper by a glass plate, invert it over the bottle con- 
taining hydrogen sulphide, and remove the plates so that the gases 
may mix. A cloud of sulphur will be slowly deposited in the 
bottles, owing to an action of the following kind ; —The o.xygen 
of the sulphur dioxide unites with the hydrogen of the hydrogen 
sulphide, forming water ; while the sulphur-atoms in both gases 
combine to form molecules of sulphur'. 

This illusUates the way in which molecules of elements can be 
built up of atoms derived from different sources, as ah'eady men- 
tioned under hvpochlorites, p. 242, and iodides, p. 258. It also 
shows the action of sulphur dioxide as a disinfectant in destroying 
sewer-gases. 

The deposits of sulphur found near volcanoes were probably 
formed by an action of the above kind between the gases issuing 
from the volcano. 

2. Combination of sulpliur dioxide with, oxygen, to form 

sulphur trloxide. ” 

Sulphur, as already seen, will not directly combine with more 
than two atoms of oxygen ; but sulphur dioxide can be made to 
take up another atom of oxygen under the influence of heated 
platinum. 


.Sulphur 
dioxide, 
a SO, 


Hydrogen 
sulphide. 
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Make a small coil of platinum wire as directed under ammonia, 
p. 154; heat it to redness in a Bunsen’s burnerr,and hold it while 
still hot just within the mouth of a bottle of sulphur dioxide. 
White clouds of sulphur trioxide (SOg) will be foimed by the union 
of the sulphur dioxide with the oxygen of the air which is entering 
the bottle. Observe that the combination only goes on while the 
platinum is hot, and that the heat of the chemical action is not 
enough to keep up the temperature of the platinum, as in the 
experiment with ammonia above alluded to. The action soon 
ceases, and the platinum must be again heated in the lamp in 
order to start it afresh. 


33. SULPHITES. 

Formula of 
molecule. 

[Typical examples, — Hydrogen sulphite, HjSOj 
Sodium sulphite, Na^SOj] 

These aie salts containing the sulphite radicle (SOj), and 
are usually prepared (as already seen, expts. 4 and 5, p. aSo) 
by the action of sulphur dioxide on metal-oxides or hydrates. 

Properties of Sulphites. 

[A solution of sodium sulphite (freshly made) containing i grm. 
of the salt in 40 c.c. of water may be used.j ' 

*1. When acted on by hydrogen sulphate they give 
off sulphur dioxide. 

Add a few drops of strong hydrogen sulphate to a little of 
the solution of sodium sulphite placed in a test-tube, and warm 
the mixture. Sulphur dioxide will be given off, and may be 
recognised by its smell. If a slip of paper moistened with 
solution of lead acetate is held within the tube it will nol be 
altered in colour. 

2. When acted on by nascent hydrogen they give 
up oxygen, with formation of hydrogen sulphide. 

^ Pour 5 or 6 c.c. of tlilute hydrogen sulphate upon a bit of 
granulated zinc in a test-tube ; hydrogen will, of course, be 
given off. Now add a drop (not more) of solution of sodium 
sulphite, and test the escaping gas with moist lead acetate 
paper, laid on the mouth of the tube, which will shortly be 
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blackened. The hydrogen has decomposed the hydrogen sul- 
phite (formed by'*double decomposition when the sodium sulphite 
)vas added to the acid), with foimation of water and hydrogen 
sulphide'. 

•''3. Theii’ solutions readily absorb more oxygen, with 
formation of sulphates. 

This property lenders hydrogen sulphite one of the most 
useful reducing agents for laboratory use ; but solutions of 
sulphites cannot be kept long unchanged, since they absorb 
oxygen from the air. 

(a) To some of the solution of sodium sulphite add a drop 
or two of solution of silver nitiate. A white precipitate of silver 
sulphite will be formed, which will on being warmed turn gray 
owing to reduction of the silver to the metallic state ; part of it 
being deposited as a bright mirroi on the sides of the tube 

{b) Acidify a little of a very dilute solution of potassium 
iodide with hydrogen chloiide, and add one diop of solution of 
chlorine (or of potassium nitrite) in order to liberate iodine, 
w'hich, on addition of some solution of starch, will give a deep 
blue solution (p. 255). Add to this a feiv drops of solution of 
sodium sulphite; the* solution will immediately become colour- 
less, showing that the iodine has entered into combination. The 
change really consists in the decomposition of water ; its oxygen 
uniting with the hydrogen sulphite, while its hydiogen unites 
with the iodine to form hydiogen iodide'. 

Observe that this is just the reverse of the action which takes place 
between hydrogen iodide and strong hydrogen sulphate, p. 258. This 
illustrates the effect which the degree of dilution has in inodilying chemical 
action. 
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84. SULPHATES, r 

Formula of 

molecule. , 

[Typical examples, — Hydrogen sulphate, H2SO4 
Sodium sulphate, Na^SOi 
Calcium sulphate, CaSOj 
Copper sulphate, CuSOJ 

These are salts containing the sulphate radicle, a group of 
atoms represented by the formula SO4. They are related to 
sulphur trioxide (the formation of which has been illustrated 
already in expt. 2, p, 282), in the sense that they can be foimed 
by the union of metal-oxides with it, and that they can be made 
to yield it by proper treatment. The most important of them 
is hydrogen sulphate (sulphuric acid) ; from which, in fact, 
nearly all the other sulphates are prepared. 

Preparation of Hydrogen sulphate. 

The process by which this is manufactured on a large scale 
depends on the fact that sulphur dioxide, though it does not 
readily combine with fiee oxygen (except under the influence 
of platinum as shown already), will yet take ^up, oxygen from 
nitiates and nitrogen tetroxide, reducing them to the condition 
of nitrogen dioxide. Thus sulphur trioxide is formed, which, 
when water is added, combines with it to form hydrogen sul- 
phate. To illustrate this; — 

I. Take the large bottle of sulphur dioxide reserved in 
Exercise 32, pour into it from a pipette 3 or 4 drops (not 
more) of strong hydrogen nitrate, and shake it so as to wet the 
sides. Orange vapours will be formed, consisting of nitrogen 
tetroxide ; and a white crystalline substance will be deposited 
on the sides of the bottle, composed of the elements of sulphur 
dioxide and hydrogen nitrate. 

In about a minute, when the action has ceased, pour into the 
bottle I c.c. (not more) of water, replace the stopper, and 
shake the bottle so as to bring the water into contact with the 
ciystals. They will dissolve with effeiwescence, and if the 
bottle is left undistuibed for a minute or two all orange vapours 
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will disappeai, the sulphur dioxide having reduced the hydrogen 
nitrate with forrpation, in presence of water, of hydrogen sul- 
phate and nitrogen dioxide as above explained 
’ But there is a further advantage in employing this reaction, 
for nitrogen dioxide will do what sulphur dioxide will not do, 

i.e, will readily take up and combine with free oxygen from air 
(see expt. 3, p. 174). To show this — 

2. Take out the stopper from the bottle, so as to admit air. 
Orange vapours will again appear in it, as the nitrogen dioxide 
combines with oxygen to form nitrogen tetroxide 

Now it is easy to see that by mixing more sulphur dioxide 
with this nitrogen tetroxide, and also adding water, we should 
get more hydrogen sulphate formed by the reduction of the 
nitrogen tetroxide to dioxide as in the first reaction explained 
above : and then, by admitting more air, the nitrogen dioxide 
would again become the tetroxide. In fact, we have in these 
nitrogen oxides substances capable of transferring oxygen from 
air to sulphur dioxide. Starting, then, with a small quantity of 
nittogen dioxide (obtained fiom hydrogen nitrate by the fii'st 
reaction given above), if a continual supply of (a) air, (d) sulphui 
dioxide, (c) water, be Jtept up, an indefinitely large quantit}’ of 
• hydrogen sulpliate can be produced. 

This is the principle of the process by which nearly a million 
tons of sulphuric acid are made per annum in England alone ; 
for the details of Us manufacture a text-book on general chemistry 
must be consulted. 

3. To prove that a sulphate has been really formed in the 
above experiments, pour into the bottle a little more water, 
shake it up, and pour the solution into a test-tube. Add to it 
a drop of solution of barium chloride, which will produce a 
white precipitate, insolubie on addition of a few drops of strong 


^ Sulphur 
dioxide. 
3 


1 


+ 


Hydrogen 
nitrate. 

1 HNO 3 
Nitrogen 
dioxide. 
N3O2 + 


W ater. 
+ a H3O 
Oxygen. 
Oa 


Hydrogen 
sulphate. 
3 H,SO, 
Nitrogen 
tetroxide. 
N3O. 


Nitrogen 
dioxide. 
+ NaOg 




286 


HYDROGEN SULPHATE. 


hydrogen niti'ate. This is, as has been mentioned already on 
pp, 75 and 159, a test characteristic of a sulphate. 

[Another process, by which a very concentrated kind of sulphuric 
acid is made, called ‘Nordhausen acid’ and used for dissolving 
indigo, is mentioned on p. 398.] 

Properties of Hydrogen sulphate. 

[Care must be taken in dealing with theT strong acid, owing to 
its corrosive and poisonous nature. If any is spilled on table or 
clothes, a little solution of ammonium carbonate should be applied, 
and then water.] 

1 . Its oily consistency and high density (1-84) will have 
been noticed already. The exact density of the acid you are 
using may be determined as directed on p. 50, if this has not 
been already done. 

2 . Its volatility at a high temperature. 

Place a small drop of the acid on a piece of platinum foil and 
heat it over a lamp, It will volatilise entirely at 340° (neaily 
the point at which mercury boils), and its vapour will form 
dense white fumes owing to its combination with the moistme 
in the air. 

3 . Its strong acid reaction. ' • 

Put a single drop of hydrogen sulphate into 100 c.c. of water, 
and observe that even this extremely dilute solution reddens 

litmus-paper. 

4 . Its intense affinity for water. 

This is shown by the heat evolved when the acid is diluted with 
water, which will have been observed already (pp. 157, 230), 

{a) Put 10 c.c. of the strong acid into a small beaker placed 
on a plate, and mix with it quickly 5 c.c. of water. The tem- 
perature will rise above the boiling point of water, as may be 
proved by immeising a thermometer in the liquid. 

A white turbidity will be noticed to occur when common sul- 
phuiic acid is diluted. This consists of lead sulphate (formed by 
the action of the acid upon the leaden troughs in which it is con- 
centrated), which, though sofuble in strong acid, is much less so in 
dilute acid or water, and is therefore precipitated. 

[The diluted acid may be kept for use m expt. 7.] 
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Owing to this propeity it decomposes many organic sub- 
stances which cqntain the elements of water, combining with 
the latter and separating carbon, as the following expeiiments 
will show. 

( 6 ) Place a drop of the acid with a glass rod upon a bit of 
white wood, such as a match or a shaving. The wood will 
turn brownish black ; ^for the cellulose of which it is composed 
is a combination of cai bon w’ith hydrogen and oxygen, the two 
latter being present in the proportions in which they form water ; 
and hydrogen sulphate combines with these latter, leaving the 
carbon. 

(ff) Dip the end of a glass rod into dilute hydrogen sulphate 
(the oidinaiy laboratory solution), and draw letters with it upon 
a piece of writing paper; then dry the paper by holding it 
before a fire, or at a little distance above a lamp. The acid, 
as it becomes concentrated, will act upon the paper (which is 
of the same chemical constitution as wood) in the manner above 
explained, and the letters will appear in black, owing to the 
sepal ation of carbon. 

Owing to this afBnity for water, hydrogen sulphate is of great 
use in the laboratory/or diying gases. For this purpose the 
gas is either allowed to bubble through a wash-bottle containing 
the acid (as mentioned m reference to hydrogen chloride, p. 236, 
note), or passed through a wide tube filled with small pieces of 
pumice soaked in the acid, as described in Appendix A. 

[Bottles containing the strong acid must be kept tightly closed 
(with glass stoppers, not corks), or the acid will attiact so much 
moisture from the air that (besides becoming useless for many 
purposes) it will overflow and cause damage. The bottles of 
this and other strong acids should be kept on a plate of glass 
laid on the shelf, and not placed in contact with the wood of 
the shelf.] 

5. Its action on metals and metal-salts, forming sul- 
phates. 

The sulphate radicle (SO^) has so' strong an affinity for most 
of the metals that hydrogen sulphate is one of the most effective 
and useful agents for dissolving metals and forming metal-salts. 
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Several illustrations of this will have been noticed already in 
the course of work; for instance, its action pn zinc (p. 127), 
on potassium nitrate (p. 158), on sodium chloride (p, 230) ; and 
many other examples of its employment will be found in Sect. 
III. The following experiment will illustrate its action on 
metal-oxides, which is applied to the preparation of numerous 
sulphates. 

Put a little copper oxide into a test-tube, add 5 c.c. of water, 
and then 3 c.c of hydrogen sulphate, and heat it to boiling 
over a lamp. The copper oxide will dissolve, copper sulphate 
and water being formed’. If the blue solution, after filtration 
from any undissolved oxide \ is concentrated by evaporation in 
the usual way (p. 62), ciystals of copper sulphate (blue vitriol) 
will be obtained. 


Additional Experiments. 

6. Action of hydrogen sulphate upon sugar. 

Cane sugar resembles wood and paper in composition, and like 
them is decomposed by the strong acid, which combines with the 
elements of water, leaving the carbon. 

Dissolve sufficient white sugar (about 30 grms., or three ordinary 
lumps) in 20 c.c. of water to form a syrup, place it in a beaker 
standing on a plate, add to it an equal volume of strong common 
hydrogen sulphate, and stir the mixture. It will become hot and 
blacken, and will finally swell up into a porous, pasty mass of 
charcoal. 

7. Eormatlon of ' parchment paper.’ 

Hydrogen sulphate, when cold and slightly diluted, does not 
decompose paper in the manner illustrated in expt. 4 c, but alters 
Its texture, making it remarkably tough and semi-transparent, like 
vellum or parchment. 

Pour the diluted acid obtained iif expt. 4 a, after cooling it 
(if necessary) by holding the beaker in a stream of water, into 
a porcelain dish. Take a strip of white blotting-paper about 3 cm. 


’ Copper Hydrogen Copper 

oxide. sulphate. sulphate. Water. 

CuO -I- HjSOj = CuSO, + HjO 
’ An excess of acid should not be used, otherwise a white anhydrous 
salt is precipitated and good crystals are not formed. 
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broad, and immerse about two-thirds of its length in the acid for a 
second or two on^, simply drawing it thiough the liquid ; then 
place it at once in a jug or pan of water, moving it about so as to 
\wsh off the acid quickly. Lay it on a plate and wash it with two 
or three changes of water, adding a few drops of solution of ammonia 
to the last portion of water", in order to neutralise any remaining 
traces of acid ; tlien hang it up to dry. When it is dry, notice the 
gr'eat difference in appi^rancc and tenacity between the undipped 
and the dipped parts of the paper ; the latter being stiff and rather 
elastic, and only torn with considerable difficulty. This ‘ vegetable 
parchment’ is used for inanyof the purposes of ordinary parchment, 
and especially for the operation of ‘ dialysis,’ which means the 
separation of a crystallisable from a non-crystallisable substance 
when both are mixed in a solution. 

Testa for Sulphates. 

[A solution of calcium sulphate (the ordinary laboratory solution), 
although it is scarcely stronger than lime-water, will answer for the 
following tests.] 

”1. Their solutions, "when tested -with barium chloride, 
give a "white precipitate, insoluble in acids. 

Add to a portion of the solution of calcium sulphate a drop 
or two of soliftioh of baiium chloiide. A white precipitate 
of barium sulphate will be formed (even in this weak solution) 
which will not dissolve on the addition of a little strong hydrogen 
chloride, even on boiling the mixture. 

This is the most delicate and characteristic test for sulphates. 

*% Their solutions, when tested with lead acetate, 
give a white precipitate. 

Test another portion of the solution of calcium sulphate 
with a drop or two of solution of lead acetate. A white pre- 
cipitate of lead sulphate will be formed, neaily insoluble in 
cold dilute hydrogen chloride, but slowly decomposed and 
dissolved by it on boiling. 

*3. When, ignited with charcoal, they are reduced to 
sulphides. 

Mi.x togther a very little calcium sulphate (plaster of Paris) 
with about twice as much anhydrous sodium carbonate in a 
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mortar ; place some of the finely-powdered mixture in a cavity 
made in a piece of charcoal (see p. 102), apd heat it strongly 
m the reducing blowpipe-flame for about a minute. The 
calcium sulphate will thus be reduced to sulphide’, and this is 
decomposed by the sodium carbonate, forming sodium sulphide. 
When it is cool, detach the ignited mass fiom the charcoal, 
place it in a small test-tube, pour on it^a little dilute hydrogen 
chloride, and warm it. The presence of a sulphide will be 
shown by the evolution of hydrogen sulphide, recognisable by 
its smell and the blackening of a- piece of blotting-paper 
moistened with solution of lead acetate, when held in the lube. 

This illustrates the usual mode of detecting a sulphate in 
minerals such as alabaster, heavy spar, &c., which are haidly 
acted on by acids. 


86. THIOSULPHATES 
(formerly called HYPOSULPHITES). 

r 

Jr'ormula of 
molecule. 

[Typical examples, — Sodium thiosulphate, Na^SjO, 

Silver thiosulphate, AgaSoOg] 

These are salts containing a radicle, represented by the 
formula SjOj, which only differs from the sulphate radicle 
(SO4) in containing an atom of sulphur in place of one of the 
atoms of oxygen (SO3S instead of SO3O). In fact, just as a 
molecule of a sulphite will readily absorb an atom of oxygen 
and form a sulphate (hydrogen sulphite, for instance, HjSOj, 
becoming hydrogen sulphate, H^SO^, as already pioved), so it 
can be made to take up an atom of sulphur, and thus become 
a thiosulphate. Sodium sulphite readily does this, as the fol- 
lowing experiment will show. 


Ca SO4 + Ca = Ca S + 2 CO, 
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Preparation of Sodium thiosulphate. 

Mix abouL 2 grms. of crj’stallised sodium sulphite with about 
half a gramme of flowers of sulphur ; put the mixture into a 
test-tube, add 10 c c. of water, and boil it on a sandbath for 
about 5 minutes. The sulphur will be slowly dissolved with 
formation of sodium thiosulphate, as above explained'. 

Filter the liquid from any undissolved sulphur, and prove that 
it contains a thiosulphate by tests 2 and 4 . 

This experiment illustrates the mode in which very large 
quantities of sodium thiosulphate are made for use in photo- 
graply' and paper-making. 

Properties of Thiosulphates. 

[A solution of sodium thiosulphate containing i grra. of the salt 
in 20 c c. of water may be used.] 

* 1 . They are decomposed by heat, giving off sulphur. 
Heat a small quantity of ciystallised sodium thiosulphate in 
an ignition-tube. It will fuse and give off water of ciystallisa- 
tion (which should be absorbed by a twisted strip of blotting 
papei); and finally a yellow sublimate of sulphur will form in 
the tube. Thr lesidue in the bulb consists of a mixture of 
sodium sulphide and sodium sulphate 
* 2 . They are decomposed by acids, giving off sulphur 
dioxide and depositing sulphur. 

Add to a portion of the solution of sodium thiosulphate a 
few drops of stiong hydiogen sulphate, and warm gently. 
Sulphur dioxide will be given off (recognisable by its smell, &c.) 
and a milky deposit of sulphur will be formed. In this case 
hydrogen thiosulphate is first formed by the usual double 
decomposition ; and this ’almost immediately breaks up into 
hydrogen sulphite and sulphur ’. The hydrogen sulphite, when 
heated, gives off sulphur dioxide. 


' Sodium ^ Sodium 

sulphite. Sulphur. thiosnlphute. 
3 NajSO, + S3 — 2 NojSjOa 

“ 4 NujSj 03 = Na2 S + 3 Na2SOi + 3 Sj 
’ 3 Ha Sj Op = 2 Ha.SOj + Sa 


U 2 
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Observe the difference between this result and that given by 
sulphites: the latter, when treated with an acid^(expt. i, p, 282), 
give off sulphur dioxide but yield no deposit of sulphur. 

*3. Their solutions, when acidified, readily absorb 
oxygen. 

This is owing to the formation of hydrogen sulphite in the 
way explained just above. In fact, thiosulphates may be con- 
veniently used instead of sulphites for many purposes of reduction; 
especially as their solutions, so long as they are kept neutral, 
are much more stable than those of sulphites. 

(ffl) Make a very dilute solution of free iodine as directed in 
expt. 3 b, under sulphites, p. 283 : add to it a little solution of 
starch to foim the blue compound, and then a few drops of 
solution of sodium thiosulphate. The blue colour will disappear 
as when a sulphite was used, and for a similar reason. 

This illustrates the employment of sodium thiosulphate in 
volumetric analysis, for detei mining the amount of iodine pre- 
sent in a solution. 

{b) Put about 2 c.c. of solution of chloiine into a test-tube, 
add an equal volume of solution of sodium thiosulphate, and 
shake the mixture. Notice that the colovii and smell of chlorine 
have now disappeared, and that the solution will not bleach 
indigo or liberate iodine from potassium iodide. The chlorine, 
in fact (like the iodine in the previous experiment), has entered 
into combination with the hydrogen of water : the oxygen 
of the latter being appropriated by the thiosulphate h 

This illustrates the employment of sodium thiosulphate on 
a large scale in paper-manufacture, to destroy the last traces of 
chlorine (used in bleaching the rags from which paper is made), 
which would injuie the paper if allowed to remain in it. 

' 4, Their solutions, when tested with excess of silver 
nitrate, give a white precipitate, quickly turning black. 

To another portion of the solution of sodium thiosulphate 


^ Sodium Sodium Hydiogen 

thiosulph.ate. Water. Chlorine, sulphate. chloride. 

2 + 2 H3O s- 2 CI2 = 2 Naj SO, + HCl + 


Sulphur. 
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add silver nitrate, drop by drop, shaking after each addition. 
The white precipitate of silver thiosulphate which is formed 
i;edissolves at fust, while the sodium thiosulphate is in excess, 
but when more silver nitrate is added, it remains in the liquid, 
but rapidly changes in colour, becoming 3'ellow, brown, and 
finally black. These changes are due to its instability: in 
presence of water it, is rapidly converted into black silver 
sulphide h 

6. Their solutions dissolve many compounds of silver. 

This is due to their tendency to foim double salts of silver 
which are soluble in water, as shown in the first part of the 
preceding experiment. 

Form a little silver chloride by mixing a few' drops of solu- 
tion of silver nitrate with excess of ammonium chloiide, wash 
it twice by decantation, then pour upon it some solution of 
sodium ihio.sulphate. This will form silver thiosulphate, which 
will unite with more of the sodium thiosulphate to form a 
double salt, sodium-silver thiosulphate, which dissolves readily 
in water. 

This illustrates an important use of sodium thiosulphate in 
photography fdr ‘ fixing ’ the pictuie ; i. e. dissolving out of the 
film all silver compounds unacted on by light, as will be more 
fully shown under silver. 


86. PHOSPHORITS. 

[Symbol of atom, P 
Weight „ 31 hydrogen-atoms. 

Formula of mo^culc, P4 

Weight „ 124 hydrogen-atoms.] 

[It is necessary to repeat that phosphorus is a rather dangerous 
substance to deal with. Only small pieces should be taken for 


Silver Silver ’ Hydiogen 

tbiosiilphate. Water. sulphide. sulphate. 

t- HgO «= AggS + H2'-Oi 
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the experiments, and the precautions given on p. 81 must be strictly 
attended to \ 


Source of Plioaphorus, 

Phosphorus is obtained fiom calcium phosphate, a com- 
pound of calcium, phosphorus, and oxygen, which forms the 
chief part of the mineral matter in boifes. The process by 
which the element is obtained cannot well be earned out on 
a small scale; but the first stages of it may be illustrated as 
follows 

Heat a small fragment of bone to redness in a clear fiie“, 
until all the animal matter (gelatine, &c.) has been burnt away 
and nothing but a white, porous, earthy skeleton is left. Grind 
this ‘ bone-ash ’ to powder and boil it in a test-tube with about 
10 c.c. of dilute hydrogen sulphate for a couple of minutes. 
Notice the effervescence at first, due to the decomposition of the 
calcium carbonate present ; the main portion of the ash, however, 
consists of calcium phosphate, from which most of the calcium is 
separated by the acid as insoluble calcium sulphate, while calcium- 
hydrogen phosphate remains in solution®. This latter salt, under 
the name of ‘ superphosphate,’ is extensively used for fertilising 
land. Leave the liquid to cool and deposit the calcium, sulphate; 
then filter it, and keep the filtrate to be tested for an orthophos- 
phate when the pi operties of phosphates have been examined. 

It is from this calcium-hydrogen phosphate that phosphorus 
is obtained by igniting it with charcoal : for the details of the 
process a text-book on general chemistry should be consulted. 


' As the bums produced by phosphorus are usually severe and slow to 
heal, it may be worth mentioning that lint" soaked in watei containing a 
little common washing soda is the best application at first. After the 
hydrogen phosphate is by this means neutralised, nothing is better than 
lint soaked in a mixture of equal volumes of glycerine and water, the 
whole being covered with oilskin to prevent evaporation. 

If this is not at hand, a gas-furnace, or a Bnnsen’s burner may be used ; 
it should be placed in a draught-cupboard on accoimt of the offensive smell 
of the gases evolved. * 

“ Calcium Hydrogen Calcium Calcium-hydrogen 

phosphate. sulphate. sulphate. phosphate. 

Caj CPOj)2 + 2 HjSOi = 2 Ca SO, + Ca H, (PO,)^ 
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Properties of Phospliorns. 

1. Its colour, softness, and insolubility in water will 
have been noticed already. 

2. It readily dissolves in carbon disulphide. 

Place about 2 c.c. of carbon disulphide in a small dij test- 
tube, add a small fragment of dry phosphorus about half the 
size of a pea, and coik the tube. Leave it to digest for a few 
minutes, until wanted for use in expt. 4, shaking it occasionally 
to promote the solution of the phosphorus. 

3. It melts easily (at 44°) and catches fire when heated 
slightly above its melting-point. 

Place a veiy small fragment of phosphorus (not Larger than 
a grain of wheat), carefully diied by blotting-paper, on a watch- 
glass, and float it on hot water in a basin. The phosphorus 
will melt and shoitly inflame spontaneously, giving off white 
fumes of phosphorus pentoxide, and leaving a small residue 
consisting of ‘ red ’ phosphorus, an allotropic form of the 
element. 

4. It inflames spontaneously in air when in a finely 
divided condijtion. « 

(u) Pour the clear solution obtained in expt. 2 upon a piece 
of blotting-paper placed on a plate (best in a draught-cupboard). 
The phosphorus will, as the caibon disulphide evaporates, be 
left in a state of fine division upon the paper ; it will emit white 
fumes, and appear faintly luminous in the dark, and will shortly 
catch fire and burn away. The paper itself will be found to be 
only super ficially charred, owing to the protective action of the 
phosphorus pentoxide formed. 

(d) Cut off the head of match and boil it with 4 or 5 c.c. of 
water in a test-tube. The phosphorus in the match will volati- 
lise in the steam and burn within the tube with a faint gieenish 
glow, easily seen in a dark room. If the tube containing the 
boiling liquid is briskly shaken, the whole of the space above 
the liquid is filled with the phosphorescent light. 

6, It reduces many metals from their salts. 

Place a small bit of phosphorus in a test-tube, pour on it 
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about I c.c. of solution of silver nitrate, and leave it undisturbed 
for a few houi-s. A bright crystalline coating, of metallic silver 
will be formed on the phosphorus, the latter having decom- 
posed the silver nitrate owing to its affinity for oxygen, while 
the metal is separated. 


Properties of ‘ Red ’ or ‘ Amorphous ’ Phosphorus. 

This is an allotropic form of the element, obtained by the 
long-continued action of heat upon ordinary phosphorus. It 
differs i-emarkably fiom the ordinary form, especially in the 
following points. 

1. It is dark red, brittle, and insoluble in carbon 
disulphide. 

Shake up a very little of the powdered substance with 2 c.c. 
of carbon disulphide in a test tube. No solvent effect will be 
observed, and if the liquid is poured out on a piece of blotting- 
paper no glow or ignition will take place. 

2. It does not melt or oatoh fire at the temperature of 
boUing water, but inflames at a much .higher tempera- 
ture. 

Put a little red phosphorus on a watch-glass floating on nearly 
boiling water as in expt. 3 (p. 295). It will not rrrelt or catch 
fire, or show any alteration. If, however, it is touched with a 
red-hot wire, it will inflame, burning with the same bright light, 
and emitting the same white fumes of the pentoxide as ordinary 
phosphorus. 

3. When strongly heated, it volatilises without melting, 

and is converted into ordinary p^hosp horns. . 

Place a very little red phosphorus in an igrrrtron-tube, connect 
the outer end of the tube by an india-rubber connector with a 
glass jet (the object being to check admission of air), and heat 
the phosphorus very carefully over a lamp. It will sublime 
without previously meltrngf and will condense in the cooler part 
of the tube in amber-coloured transparent drops, which are 
easily recognized as being ordinary phosphorus. 



HYPOPHOSPHITES. 


.297 


Additional Experiments. 

Preparation’of Hydrogen phosphide and Potassium 
^ hypophosphite. 

Both of these substances are fonned when phosphorus is heated 
in a strong solution of potassium hydrate. ' In this action water is 
decomposed ; part of its hydrogen unites with some phosphorus to 
form hydrogen phosphMe, while the rest of the hydrogen together 
with the oxygen unite with potassium and phosphorus to form 
potassium hypophosphite h 

[The following experiment must be made in a dnanght-cupboard or in 
the open air, since hydrogen phosphide is not only nn extremely poisonous 
and offensive-smelling gas, but also spontaneously inflammable. 

Put some strong solution of potassium hydrate (logrms. dissolved 
in 20 c.c. of water) into a small evaporating dish, add a piece of 
phosphorus about as large as a pea, and heat the solution gently 
on a sandbath, taking care that it does not boil. Hydrogen phos- 
phide will be given off) as above explained, and each bubble as 
it reaches the smfacc of the liquid will catch fire spontaneously, 
combining with the oxygen of the air, and forming a white smoke- 
wreath of hydrogen phosphate 

After allowing the action to go on for about half an hour (stop- 
ping it, however, if a brisk effervescence sets in, which would show 
that the pota-^^ium Ifi'pophosphite was being decomposed with 
evolution of hydrogen), set the dish aside (in the draught-cupboard) 
to cool. When it is quite cool, decant the contents into a test-tube, 
and immediately fill up the dish with water, to prevent the remain- 
ing phosphorus catching fire before it can be throwm away. 

The solution of potassium hypophosphite may he used to illus- 
trate the reducing action of hypophosphites as described below. 

Eednoing action of Hypophosphites. 

Add two or three drops of solution of silver nitrate to the solution 
of potassium hypophosphite obtained in the last expert, and heat 
the mixture to boiling. The brown precipitate of silver oxide, which 
is at first formed, will turn black owing to its reduction to metallic 
silver ; the hypophosphite combining with oxygen to form potas- 
sium phosphate. 

‘ Potassium * Hydrogen Potassivun 

Phos]ihonis. Water. hydrate. phosphtde. hypophosphite. 

Pr -t 3 HjO + 3 Kt-IO - H3 P 3 KPHaOj 

2 HaP + 3 Oa-HsPOi 
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37. PHOSPHOBTIS PENTOX^IDE. 

[Fonnula of molecule, PjOb 
W eight , „ 143 hydrogen-atoms.] 

This is the only important compound of phosphorus with 
oxygen, and is the one which is always , produced when phos- 
phorus is burnt with a full supply of oxygen or air. 

Place a small piece (about twice as large as a pea) of carefully 
dried phosphoius upon a plate : set fire to it with a match, and 
cover it with a deflagrating jar, slightly laised above the plate by 
short bits of glass rod or tube placed under its lower edge, so as 
to allow free excess of air. The stopper should, be inserted in 
order to check the upward diaught, which would carry off a 
portion of the product. Dense white fumes of phosphoius pent- 
oxide will be formed, and will be deposited partly on the sides 
of the jar, paitly on the plate. It should be used for the follow- 
ing experiments ■without delay, on account of its great tendency 
to deliquesce in damp air. 


88. PHOSPHATES. ' ^ 

[Typical examples — Formula of molecule. 

Hydrogen phosphate HjPO^ 

Sodium phosphate NaaPO^ 

Sodium-hydrogen phosphate .... Na^HPO^ 
Sodium-ammonium-hydrogen phosphate Na(I-IjN) HPO^ 

Calcium phosphate Ca3(POj2 

Calcium-hydrogen phosphate .... CaH4(P04)2] 

These (which should strictly be called ‘ orthophosphates ’ to 
distinguish them from the less known salts pyro- and meta- 
phosphates) are salts containing a radicle consisting of i atom 
of phosphorus and 4 atoms of oxygen (PO4). 

As will be seen from the above list, several different propor- 
tions of an electro-positive radicle (p. 85) may be associated 
with this electro-negative radicle. In fact, taking hydrogen 
orthophosphate (HjPOj) as a starting-point, each of the three 
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atoms of hydrogen in it can be replaced by an equivalent 
quantity of anothw radicle. For this leason the substance is 
called a ‘ tribasic acid ’ (a general text-book should be consulted 
foi a fuller account of basicity and valency). 

Preparation of Hydrogen phosphate. 

This can be readil3» obtained fay the combination of phos- 
phorus pentoxide with water, for which it has a veiy strong 
affinity. A molecule of it will, in fact, combine with the 
elements of i, 2, and even 3 molecules of water to form three 
distinct acids or hydrogen salts ^ ; only one of which is of much 
practical importance, viz. that w'hich is formed by the union of 
a molecule of phosphoius pentoxide with three molecules of 
water. This is the oidinary ‘phosphoric acid,’ and may be 
obtained in the following way. 

Remove the deflagrating jar in which the phosphorus pent- 
oxide was just now made, and pour a few diops of water upon 
the white powder lying on the plate. It will hiss, as a piece 
of red-hot iron would do, from the heat due to the intensity 
of the chemical combination. Each molecule of it has now 
combined with at least* one molecule of water to foim an acid, 
as may be proved by dipping a piece of blue litmus-paper into 
the liquid. Notice also that the portions of it deposited on the 
bides of the jai will, after a few minutes’ exposure to the air, 
deliquesce into drops of liquid. 

The pentoxide has not yet, however, combined with the 
maximum piopoition of water: to make it do so, healing with 
excess of water is necessary. Rinse the contents of the jar and 
the plate with a little water into a porcelain dish, and evapoiate 
it until the liquid becomes syrupy, then add a little moie water, 
and boil the solution again for a shoit time; finally filter it into 
a test-tube. You have now a solution of hydrogen oithophos- 
phate from which other phosphates may be prepared by such 

methods as were explained under sulphates (p. 288). 

» 

■“ P2O5 + H.jO = 2 HPO3 — Hydrogen metapliosjrhate. 

P.2O5+ 2 HjO =H,P20, —Hydrogen pyrophosphate. 

+ 3 HjO = 2 HsPOi — Hydrogen orthophosphate. 
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Preparation of Sodium-tiydrogen piospliate. 

f 

Pour the solution of hydrogen orthophosphate, obtained in 
the last expt., into a porcelain dish (reserving a little, to be 
added in case too much sodium carbonate may be inadvertently 
mixed with the rest) ; heat it and add solution of sodium car- 
bonate to the hot liquid, until the addition of it no longer 
produces effervescence, and the liquid is slightly alkaline to test- 
paper. In this action two out of the three atoms of hydrogen 
in the acid are replaced by sodium, and a salt called ‘ sodium 
hydrogen phosphate ’ (the common ‘ phosphate of soda ’) is 
obtained h The solution may be evaporated to the crystallising 
point, and the crystals proved to be a phosphate by tests 2 
and 3 . 

[The mode of preparing ealolum-hydrogen phosphate has 
been already mentioned, p. 294.] 

Properties of Orthophosphates. 

[A solution of sodium-hydrogen phosphate, containing 3.5 grras. 
of the salt dissolved in 50 c.c. of water, may be used.] 

♦l. Their solutions, when mixed with solu(iion of calcium 
sulphate, give a white precipitate, soluble in hydrogen 
acetate. 

Add to a little of the solution of sodium-hydrogen phosphate 
about half its volume of solution of calcium sulphate. A white 
precipitate of calcium phosphate will he foimed, which will 
readily dissolve on addition of a little hydrogen acetate (this 
distinguishes it from calcium oxalate, p. 220). 

* 2 . Their solutions, when warmed with excess of a 
strongly acid solution of ammonium molybdate, give a 
yellow precipitate. 

Pour some solution of ammonium molybdate, made strongl}' 


^ Hydrogen Sodium _ Sodium-hydrogen Carbon 

phosphate. oarhonale. phosphate. Water dioxide. 

H,PO, + "NaaCO, = NajHPOj + H^O + CO, 
The salt should strictly be called ‘ disodium-hydrogen phosphate,’ in order 
to indicate the number of sodium-atoms in the molecule. 
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acid with hydiogen nitrate, into a test-tube, and add a drop or 
two of the solution of sodium-hydrogen phosphate. The solu- 
tion will become 3'ellow, and on warming it (it should not be 
bbiled) a yellow precipitate will fall. 

This is an extremely delicate and characteristic test for phosphates 
if properly used. The precautions necessary in applying it are, 
{a) the solution of ammonium molybdate must be used in excess, 
(d) it must be strnngly dcid, (c) it should not be heated to boiling, 
otherwise a precipitate of hydrogen molybdate is liable to form. 

*3. Their solutions, when tested with magnesium sul- 
phate, in presence of ammonium salts, give a white 
crystalline precipitate. 

To another portion of the solution of sodium-h}drogen phos- 
phate add one-fourth Its volume of solution of ammonium 
chloride, then a little ammonia, and test it with a drop of 
solution of magnesium sulphate. A white crystalline precipitate 
of magnesium-ammonium phosphate will be foimed, which will 
readily dissolve in dilute hydrogen nitrate. 

4. Their solutions, when tested with silver nitrate, give 
a yellow precipitate, soluble in hydrogen nitrate, and 
in ammonia. , 

To another poition add a drop of solution of silver nitrate. 
A canary-yellow precipitate of silver phosphate will be formed. 
Pour off one-half of the fluid in which the precipitate is 
suspended into another test-tube, and add a few drops of 
dilute hydrogen nitrate; to the remaining half add the same 
quantity of ammonia ; in both cases the precipitate will be 
redissolved. 

'5. Their solutions, when tested with iron perchZoride, 
give a yellowish white precipitate, insoluble in acetates. 

Add to another portion* of the solution of sodium-hydrogen 
phosphate one drop (not more) of solution of iron perchloride. 
A dull yellowish-white precipitate of iron phosphate will be 
formed. Divide the mixture into two portions. 

(a) To one poition add excess of hydiogen acetate. The 
precipitate will remain undissolved. * 

(i) To the other portion add excess of iron perchloride, and 



30 ? 


PHOSPHATES. 


warm it. The precipitate will be redissolveci. This shows the 
reason why only a small quantity of iron perchloride should be 
used in applying the test. 

r 

[The insolubility of iron phosphate in hydrogen acetate is im- 
portant since it enables us, in the course of an analysis, to separate 
the phosphate radicle from certain phosphates (such as those of 
barium, strontium, and calcium) which are soluble in an acid but 
are reprccipitated without decomposition when the free acid is 
neutralised. To illustrate this mode of separation — 

Form a little calcium phosphate as directed in expt. i ; add to 
this just enough hydrogen acetate to redissolve it, and then add 
a drop of iron perchloride to the solution. A. precipitate of iron 
phosphate will be produced, the calcium remaining in solution as 
calcium chloride.] 


Additional Experiments. 

It has been explained above (p. 299) that a molecule of phos- 
phorus pentoxide may combine with i, 2, or 3 molecules of watei, 
forming three distinct acids — hydrogen metaphosphate, hydrogen 
pyrophosphate, and hydrogen orthophosphate— from each of which 
a series of salts is derivable, having very different properties. For 
a full account of these a general text-boojf must be consulted ; it 
will lie sufficient to observe here that the salts examined above 
belong to the seiies of orthophosphates, and that from them pyro- 
phosphates and metaphosphates can be obtained by selecting a salt 
from which it is possible to drive off just the requisite quantity 
of the elements of water by heat. 

Pyrophosphates. 

[Typical example, — Sodium pyrophosphate (Na^PjO,).] 

Sodium pyrophosphate is obtained by heating the ordinary 
sodium-hydrogen orthophosphate, with which experiments were 
made just now. When strongly heated, two molecules of this 
latter salt give off one molecule of water, leaving a residue of the 
pyrophosphate. 

Place a few crystals of the salt in a platinum capsule, or in a cup 
of platinum foil made as directed, p. 8, and heat it gently at first, 
afterwards to redness. The salt will melt and give off its water 
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of crystallisation, and at a higher temperature two molecules of it 
will give off one molecule of water, leaving a white earthy-looking 
residue consisting* of sodium pyrophosphate'. This should be 
powdered, dissolved in about 20 c.c. of cold water, and examined 
by tests 3 and 4 in exactly the same way as directed in the case of 
the mthophosphatc. The following results should be obtained ; — 

3. Tested, with ammonium chloride, ammonia, and magne- 
sium sulphate, no pjecipitate will he obtained (if enoirgh 
solution of ammonium chloride has been added) : but on 
warming the liquid a white precipitate of magnesium pyro- 
phosphate will fall. 

4. Tested with silver nitrate, a perfectly white granular 
precipitate of silver pSTophosphate will be obtained, soluble 
in hydrogen nitrate and ammonia. 

Metaphosphates. 

Typical example,— sodium metaphosphate (NaPOj).] 

To obtain this it is necessaiy to diive off a larger amount of 
the elements of water from an orthophosphate, and hence a salt 
must be selected which contains more hydrogen as a basic radicle, 
and less of a non-volatile radicle such as sodium. Such a salt is 
sodium-ammoniura-hydrogen phosphate, or microcosraic salt, the' 
formula of which has been given already, p. 298. 

Heat a little of this salt in a platinum cup, exactly as directed in 
the preparation of the pyrophosphate. The substance froths up 
very much, and gives off ammonia and water’; finally a trans- 
parent, glassy residue of sodium metaphosphate will be left. This 
should be powdered, dissolved in 20 c.c. of cold water, and examined 
by tests 3 and 4 as above. 

3. Tested with ammonium chloride, ammonia, and magne- 
sium sulphate, no precipitate will be formed, if enough 
ammonium chloride has been added. 

4. Tasted with silver nitrate a white precipitate -will be 
formed, soluble in hydrogen nitrate and ammonia. 

It will be seen that these results scarcely distinguish meta- 
phosphates from pyrophosphates, but the following test is highly 
characteristic of the metaphosphates; vis. their property of co- 
agulating albumen (white of egg). 


' 2Na3HP0, = H2 0 + NajP2 0j 
’ Na (H 4 N)HP 04 ~H 3 N-hHj 0 -i-NaP 0 , 
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Add to some of the solution of sodium metaphosphate six or eight 
drops of hydrogen acetate, and then a few drops of a clear solution 
of albumen. A white precipitate of coagulated albumen will form 
at once. ' 

Conversion of hydrogen metaphosphate and pyrophosphate 
into the orthophosphate. 

r 

This change is easily effected by boiling either of them with 
water ; the additional amount of water being quickly taken up. 
To illustrate this — 

Add a few drops of hydrogen nitrate to some of the solution 
either of sodium pyrophosphate or of sodium metaphosphate (this 
will form, by double decomposition, the corresponding acid), and 
boil for ten minutes m a beaker. Hydrogen orthophosphate will 
be reproduced, as may be proved by neutralising the solution with 
sodium carbonate and examining it by tests 3 and 4 , p. 301. 


39. BOEATES, 

Formula of 
molecule. 

[Typical examples, — Hydrogen borate, HjEOj 

Sodium diboratfi, NajiB^O,] 

These are almost the only compounds of boion which are 
commonly met with. They are related to boron tiioxide (BjOj), 
which can be obtained from them, as will be presently shown. 

Preparation of Hydrogen borate. 

This, although chiefly obtained from volcanic jets of steam, 
may also be prepared from sodium diborate (the common 
‘borax’) by decomposing it with hydrogen sulphate : the reaction 
being similar to that which takes place in the preparation of 
hydrogen chloride and hydrogen nitrate. Since hydrogen borate 
is a crystallisable solid, much less soluble in cold water than in 
hot, it will crystallise out from a strong hot solution as the liquid 
cools. •• 

Put g grms. o'f powdered sodium diborate into a test-tube 
and boil it with 10 c.c. of dilute hydrogen sulphate (the ordinary 
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laboratory solution) until a clear solution is obtained’. Cool 
the liquid by holding the tube in a jug of cold water ; a quantity 
of ciystals of hydiogen borate will be giadually deposited. Pour 
tfie whole, when cold, on a small filter, linsing out the last 
portions with a very little cold water, and leave the crystals to 
drain for a minute or two. Use some of them for the first 
expt. given below, anc^ place the rest upon a porous earthen- 
ware tile, spreading them over the surface with a spatula. 
They will soon become fairly dry (the moisture being quickly 
drawn by capillary attraction into the pores of the tile) and may 
then be used in expts. 2 and 3. 

[The tile should, after being used for any purpose of this kind, 
be soaked for some time in several changes of water, and dried 
in an oven.] 


Properties of Hydrogen borate. 

*1. It tinges turmerio-paper pinkish red. 

Take a little hydrogen borate out of the filter on the end 
of a glass rod, and stir it with a few drops of water in a watch- 
glass until dissolved. Dip into the solution a piece of turmeric- 
paper, and dry it by laying it on a piece of wii'e-gauze held 
at some distance above an argand burner (or in front of a fire) : 
as it dries, the colour of the paper will be changed to a light 
pinkish red. 

2. When moderately heated, it is decomposed into water 
and boron trioxide. 

Scrape up some of the nearly diy hydrogen borate from the 
porous tile, put it on a piece of platinum foil formed into a cup 
(see p. 8), and heat it to redness. It will fuse, give off water 
and leave a clear glass-like residue of boron trioxide. 


’ Sodium Hydrogen Water Sodium hydrogen Hydrogen 
diborate. sulphate. *' ' » sulphate. borate. 

Na HB^Oi + HjSO* + 2 H3O = Na HS®, + 2 H3BO3 

° Some white fumes may be also noticed : these consist of hydrogen 
sulphate, which was piesent in excess and has not been entirely separated. 


X 
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*8. It is volatile at a high, temperature, and its vapour 
imparts a green colour to flame. ^ 

Take a little more of the hydrogen borate on a glass rod, and 
mix it in a small porcelain dish with about 2 c.c. of common 
alcohol. Set fire to the mixture, and notice the bright green 
colour of the flame, especially at the edges where the temperature 
is highest. A trace of the substance held on a ring of platinum 
wire in the flame of a Bunsen’s burner will give a similar flame, 
though rather interfered with by the yellow flame due to the 
sodium salt from which it has not been entirely separated. 

General properties of Borates. 

[A solution of sodium diborate, containing 1.5 grpi. of the salt in 
20 c.c. of water, may be used.] 

*1. Their solntions, wlien mixed with, barium chloride, 
give (if strong) a, -white precipitate, readily soluble in 
acids. 

Add to a portion of the solution of sodium diborate a few 
drops of solution of barium chloride. A white precipitate of 
barium borate will be foimed, which will readily dissolve on 
addition of a little hydrogen acetate. 

*2. Their solutions, when rendered acid, tinge turmeric- 
paper red. 

This depends upon the formation of hydrogen borate by the 
action of the acid added. 

Place a little solution of sodium diborate In a watch-glass, 
and add just enough hydrogen chloiide to make the solution 
give an acid leaction to test-paper. Dip into the solution 
one-half of a slip of tuimeric-paper, and dry it at a gentle heat, 
holding it on wire-gauze over a small lamp-flame or before a 
fire. The dipped portion will be coloured a rather faint pinkish 
red : noticeable by its contrast with the yellow colour of the 
undipped portion. 

This may be distinguished from the brownish red produced 
by alkalies by placing on the paper a drop of solution of sodium 
caibonate, which will turn it to a blackish colour. 

*3. Their solutions, when mixed with excess of hy- 



SILICON DIOXIDE. ’307 

drogen siilphate and alcohol and set Are to, impart a 
green colom’ to, the flame. 

This, like the previous test, depends on the formation of 
hydrogen borate by double decomposition, as already explained. 
The hydrogen sulphate has also the effect of retaining in the 
form of non-volatile salts such substances as sodium or barium 
which would otherwisti themselves impart a colour to the flame 
and thus mask the effect of the borate. 

Place about i c.c. of the solution of sodium diborate in 
a porcelain dish, mix it with a few drops of strong hj'drogen 
sulphate, then add about three times its volume of common 
alcohol, stir the mixture with a glass rod, and set fire to it. The 
edges of the flame will be tinged yellowish green, especially if 
the solution is stirred. 

Boron tiioxide and sodium diborate have the property of com- 
bining with many metal-oxides to form transparent, glass-like 
double salts which often possess characteristic colours. On this 
depends the use of borax in blowpipe work, of which several 
illustrations have been already given (pp. 100, loi). 


■COMPOUNDS OF SILICON. 

40. SILICON DIOXIDN. 

[Formula of molecule. Si Oj 

Weight „ 60 hydrogen-atoms.] 

This occurs in a pure condition as the mineral quartz or 
‘rock crystal’; commoner varieties of it are flint, agate, sand- 
stone, and sand. Two methods of preparing silica (as it is often 
called) artificially are described below. 

SILICATES. 

. Formula of molecule. 

[Typical examples,— Hydrogen silicate, HjSi Oj 
Sodium silicate, NOjSi O3 
Aluminiunf silicate, Al^SijOj] 

These are substances which contain silicon and oxygen, 
associated with various metal-iadicles. Their composidon iit 


X 2 
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often very complex, owing to the high valency of silicon, which 
enables it to bind several radicles into one gro4p and foim many 
different double salts. 

A large number of minerals consist of, or contain, silicates : 
such as clay (aluminium silicate), slate (which is chemically 
the same as clay), felspar (sodium-aluminium silicate), and mica 
(potassium-aluminium silicate); the two ],ast being constituents 
of granite. Glass also is a mixture of silicates; earthenware 
and porcelain are of the same chemical character. A property 
which all silicates possess in common is, that they can be made 
to yield, by methods which will be presently explaiired, silicon 
dioxide and compounds of metals. 

Preparation of Sodium silicate. 

To prepare this, any one of the numerous forms of silicon 
dioxide, such as flint or sand, may be strongly heated with 
sodium carbonate. In this action, the silicon dioxide simply 
takes the place of carbon dioxide, which latter gas escapes with 
effervescence h If a sufficient excess of sodium carbonate is 
taken, the resulting silicate dissolves without difficulty in water; 
foiming, in fact, the ‘ soluble glass,' which is now much used in 
varnishes and paints. 

(a) Grind about i grm. of flint (previously ignited, see note’) 
(or of white sand to an extremely fine powder in a porcelain 

( mortar, add to it about 4 grms. of anhydrous sodium carbonate’, 
and grind the whole thoroughly together. Put some of the 
^mixture (about enough to half fill it) into a platinum capsule 
i(Or a piece of platinum foil formed into a cup, and heat it 
jto full redness over a Herapath's blowpipe (or, prefeiably, in 
p gas furnace, if at hand). It is an'" advantage to lay over the 
r' ~ 

^ ' Na^COj + SiOj^NaaSiOs + COj. 

’ If flint or quaitz is to be used, it should be previously heated to full 
edness in a fire and quickly dropped into water. It will then form an 
t ipatpie white mass, which can be more easily pulverized. 

” It is preferable to use a mixture of potassium and sodium carbonates 
C'.a.fi grms. of potassium carbonate with 2 gnus, of sodium carbonate) if it 
3 at hand ; since this mixture fuses at a much lower temperature than 
■odium carbonate. ' 
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capsule a bit of platinum foil as a cover, in order to check 
loss of heat by radiation. When the mass ceases to swell up 
(owing to evolution of carbon dioxide as above explained) add 
some more of the mixture, and heat again until all action is 
over, and a fused glassy residue remains in the capsule. Cool 
this rathei quickly by dipping the outside of the capsule into 
a little water in a dish ; the sudden contraction thus produced 
will generally loosen the fused mass fiom the platinum. If not, 
pour a few drops of water into the capsule and boil it rather 
quickly over a lamp. After detaching it, grind it to powder 
in the mortar, adding a few drops of water; then rinse the 
whole into a beaker, add about lo or 12 c.c. of water and boil 
it for a few minutes (meanwhile proceeding with the next expt.). 
The sodium silicate should almost entirely dissolve if the fusion 
has been properly effected, and the solution may be filtered and 
used for some of the following expeiiments. 

{b) Powder a very little more of the flint or sand, as finely 
as possible. Make a ring, as described on p. 100, at the end 
of a piece of platinum wire ; moisten it with water, dip it into 
some powdered anhydrous sodium carbonate, and fuse the 
adhering salt in the hottest part of the blowpipe flame. It will 
give a bead which is clear while hot, but opaque when cold. 
Now add to this bead some of the powdered flint and again 
heat it to fusion. The silica will dissolve in the bead, expelling 
carbon dioxide and forming sodium silicate as in the previous 
expt. ; but the bead will probably still become cloudy or opaque 
as it cools. If so, add a little more silica and fuse again, using 
the utmost heat that the blowpipe will give. You will, when 
enough silica has been added, obtain a bead which is as trans- 
parent as glass when it is cold, and is, in fact, nearly the same 
in composition as ordinary glass. If there is any iron in the 
material used, the globule will be colouied more or less yellow 
(as bottle glass is, from the same cause); and if the bead is 
dipped into solution of cobalt nitrate and again strongly heated, 
it will be coloured blue, illustrating* the mode in which various 
colours are imparted to glass by fusion with the oxides of certain 
metals. 
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Preparation of Silicon dioxide. 

This can be obtained from sodium silicfite by a process 
exactly the same in character as that by which boron trioxidc 
was obtained from borax (p. 304) : viz. by first forming hydio- 
gen silicate by the addition of an acid, and then heating the 
hydrogen silicate as long as water is evolved. 

Put about three-fourths of the solution &f sodium silicate into 
a test-tube and add some hydrogen chloride, little by little, 
shaking the mixture after each addition. A white, gelatinous 
precipitate of hydrogen silicate will be formed S and if the 
solution of sodium silicate was strong, the whole will appear 
to solidify. 

[If the solution of sodium silicate is weak, or if the experiment is 
repeated with a little of the strong solution diluted with five or six 
times its volume of water, no precipitate will be formed ; the 
hydrogen silicate being retained in solution. But if a little of the 
clear liquid is added to some solution of ammonium chloride 
mixed with one-fourth its volume of ammonia in another tube, and 
heat applied, hydrogen silicate will be precipitated ; since it is quite 
insoluble in solution of ammonium chloride. 

Hence m testing for silicates, the acidified^olutioji should always 
be added to a mixture of ammonium chloride and ammonia, and 
heated, before deciding that no silicate is present.] 

Add a little water, shake up, and pour the whole on a small 
filter. Wash the hydrogen silicate until the filtrate is nearly or 
quite neutral (proceeding, meanwhile, witli other experiments). 
Place the filter with its contents in a porcelain dish and dry it 
on a sandbath. Notice that the gelatinous hydrogen silicate 
shrinks considerably on drying, becoming a white powder. It 
has given off the elements of water, ^nd is now converted into 
silicon dioxide 


* Sodium 
silicate. 
Na^Si 0| 


Hydrogea 

chloride. 

+ 1 HCl 

Hydrogea 
silicate. 

HjSi Os •= 


Sodium 
chloride. 
=? aNaCl 

Water. 

HjO + 


Hydiogea 
silicate. 
+ HjSi O3 
Silicon 
dioxide. 

SiOa 
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The followin" properties of silicon dioxide may be tried with 
it, when it is thoroughly dry. 

1. It is quite insoluble in acids. 

’ Place a little of the silicon dioxide in a test-tube and boil 
it with 2 or 3 c.c. of strong hydrogen chloride. It will be 
found to he quite unacted on, and insoluble. 

2. It dissolves in solution of potassium hydrate, forming 
potassium silicate. 

Boil some of the silicon dioxide with solution of potassium 
hydrate. It will pretty readily dissolve. A solution of ‘ soluble 
glass ’ is often prepared in this way from powdered flint, instead 
of resorting to the fusion process. 

*3. It is npt acted on or dissolved by fusion with 
sodium-ammonium-hydrogen phosphate (‘ miorooosmic 
salt ’). 

Make a bead of microcosmic salt in the same way as a borax 
bead (p, too); heating it very gently until the water and the 
ammonia have been driven off (as explained on p. 303), and 
holding the plane of the ring horizontal, lest the melted substance 
(which is much more fluid than boiax) should drop off. 

When a perfectly ^lear bead of sodium metaphosphate has 
been thus obtained, add to it a little of the silicon dioxide and 
heat again. The white powder will float quite unaltered in the 
transparent bead. 

Methods of decomposing Silicates. 

The decomposition of silicates is a very frequent, and some- 
times a difficult, operation in the analysis of minerals. Some 
silicates, especially those of the alkali-metals, are moie or less 
readily decomposed by boiling with strong hydrogen chloride, 
which (as shown above^ separates hydrogen silicate as a 
gelatinous precipitate, while a chloride of the metal is formed. 
But the great majority of them are best decomposed in one 
of the two following ways. 

*1. By fusion with sodium carbonate. 

Grind a small bit of slate (aluminium silicate) or earthenware 
to very flue powder in a mortar, mix it intimately with about 
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four times its weight of anhydrous sodium carbonate, and fuse 
the mixture in a platinum cup precisely as directed in the 
preparation of sodium silicate (p. 308). During the fusion the 
sodium unites with the silicate radicle, forming sodium silicate, 
while the metal or metals (if more than one is present) are 
converted into carbonates or oxides. 

The next step is to convert these metal-salts into soluble 
chloiidcs, and decompose the sodium silicate so as to separate 
silica in an insoluble form. 

After detaching the fused mass from the crucible, and grinding 
it with a little water in a mortar, transfer it to a porcelain dish, 
add strong hydrogen chloride, drop by drop, until effervescence 
ceases, and evaporate the whole to perfect dryness on a sand- 
bath. It should be stirred constantly as soon as it becomes 
at all pasty, or portions of it will be blown out of the dish by 
bubbles of steam formed close to the heated surface ; and the 
heat should be continued until the residue has lost all gelatinous 
appearance and become quite dry and powdery. It is then 
a mixture of soluble metal-chlorides (in the case of slate, 
aluminium and iron chlorides), and insoluble silicon dioxide ; 
and these have next to be separated from.^ach other. 

Add to the dry mass enough strong hydrogen chloiide to 
make it into a thin paste, and mix the whole thoroughly by 
gentle rubbing with a pestle ; then add about 30 c.c. of water, 
warm the mixture, stirring it occasionally, and pour it on a 
filter. The filtrate will contain the aluminium, &c., as chlorides, 
and would in the regular course of an analysis be examined to 
see what metals it contained b The residue on the filter may, 
after being washed until the filtrate is no longer acid, be proved 
to be silicon dioxide by heating a little of it in a bead of micro- 
cosmic salt (see expt,3,p. 3ir),in which it will float undissolved. 

2. By treatment with hydrogen fluoride. 

Fluorine has, as already mentioned (p. 265), a very strong 

' If time permits, the presence of alumininm in it may be proved by 
trying the 2Dd test given under the head of ALUMINIUM tp. 430). Iron 
may be very simply detected by adding to a portion of the filtrate a 
drop of solution of potassium ferrocyanide, which will produce a blue pre- 
cipitate, characteristic of iron. 
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affinity for silicon, with which, it combines to form a gas, silicon 
tetrafluoride. Thus when a silicate is heated with hydrogen 
fluoride, the whole of the silicon is removed and the metals 
remain as fluorides, which are easily dealt with. 

Preparation of Silicon tetrafluoride. 

[F o>mula of molecule. Si F J 

Powder very finely a small bit of glass or porcelain, mix it 
with an equal quantity of powdered fluor spar, and put the 
mixture into a leaden cup (such as was used in experiments 
on fluorides, p. 265). Add 2 or 3 c.c. of strong hydrogen 
sulphate, mix the whole thoroughly, and heat it gently on a 
sandbath. 

The hydrogen fluoride, formed by the action of the hydrogen 
sulphate on the calcium fluoride, decomposes the glass, and the 
fluorine combines with the silicon to form silicon tetrafluoride. 
The latter is given off with effeivescence, as a colourless gas, 
fuming strongly in moist air. It acts, in fact, very readily upon 
water, forming hydrogen silicate, as may be shown thus : — 

Put a drop of water on a bit of sheet glass, turn over the 
glass quickly, and place it, wiih the drop adhering to its under 
surface, upon the leaden cup. The drop will at once become 
coated with a white film of hydrogen silicate. 

Besides this deposit, an acid, hydiogen fluosilicate, is formed 
in the reaction, as will be more fully shown in the next expt. 

Additional Experiment. 

Preparation of Hydrogen fluosilicate. 

[Formula lof molecule, HjSiFj] 

This is an acid containing a radicle (SiF,) analogous to the 
silicate radicle (Si O3), but containing 6 atoms of fluorine in place 
of 3 atoms of oxygen 


^ It is often called ‘ sllicolluoride ’ ; but the name ‘ fluosdicate ’ best ex- 
presses its analogy to the silicate radicle. Compare the name ‘ thio- 
cyanate,’ implying a radicle analogous to a cyanate but containing sulphur 
in place of oxygen. 
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It is one of the products of the action of silicon tetrafluoride 
upon water ; and its solution is sometimes used in the laboratory 
as a test for barium. 


Apparatus required. — Florence flask ; glass tubing, 5 01 6 mm. m internal 
diameter; corks; cork-boiers; fish-tail burner; argand burner; retort- 
stand ; sandbath ; gas jar, 20 x 5 cm. ; tube-funnel ; funnel, to cm. in 
diameter ; filter, or circular piece of linen, aSout 20 cm. in diameter ; 
bottle, holding 200 c.c. ; test-tubes. 

Fluorspar; powdered glass, or fine sand; stiong common hydrogen 
sulphate: mercury; strontium nitrate; solution of barium chloride; 
distilled water. 

Take a piece of glass tubing about 60 cm. long, and of rather 
larger internal diameter than the ordinary gas delivery-tubing. 
Having slightly rounded the ends in the gas-flame, bend it twice 
to a right angle in the same direction, making the first bend 
about 10 cm. from one end, and the second about 30 cm. from the 
other end, so as to give the tube the shape shown in fig. 90. The 
end of the longer branch should be bevelled off, or notched with 
a file on one side, to enable the bubbles of gas to escape more 
freely. 

Select a Florence flask of stout glass (since it is liable to be 
corroded by the hydrogen fluoride, and will soon^ give way if the 
bottom is thin), and fit the shorter branch of the delivery-tube to it 
by a perforated cork. 

Reduce 15 grms. of fluor spar to a coarse powder in the mortar, 
and mix it intimately with twice its weight of powdered glass or fine 
sand (that which is called ‘silver sand’ is the best). Pour 60 c.c. 
of strong common hydrogen sulphate into the flask through a tube- 
funnel, taking care not to wet the neck with the acid, or the cork 
will be destroyed. Add to it the powdered mixture and shake the 
whole with a circular motion until it is thoroughly incorporated. 
Fit the cork and delivery-tube firmly into the neck, and support 
the flask in the retort-stand on the sandbath, heaping up the sand 
round its sides, so as to distribute the heat. Place under the outer 
extremity of the delivery-tube a cylindrical gas jar containing a 
stratum of mercury about 12 mm. deep, into which the end of the 
delivery-tube must dip. This stratum of mercury is quite essential, 
since it acts as a valve and prevents the entry of water into the 
tube, which would then soon be obstructed by the bulky precipitate 
of hydrogen silicate, formed the moment that the gas comes in 
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contact with water. The apparatus will then appear as represented 
in fig. 90. 

.A-fter seeing tha\ the end of the delivery-tube is well below 
the surface of the mercury, and that the flask is firmly held by the 
retort-ring, so that the delivery-tube cannot shift its position, fill up 
the jar with distilled water, pouring it gently down the sides of the 
vessel so that none may enter the delivery-tube through a dis- 
turbance of the surface (jf the mercury. Heat the flask very slowly 
with an argand burner or spirit lamp. The reaction between the 
fluor spar and the acid requires only a moderate temperature, and 


Fig. go. 

if too much heat be applied, the mixture froths up inconveniently, 
and may pass over into the water. When the gas begins to come 
over, each bubble as it emerges from the meicury becomes coated 
with a film of silica, which is left behind when the bubble reaches 
the surface of the water, as a'shrunken, collapsed bagh 



’ The action may be conveniently regarded as taking place in two stages, 
d) .Silicon Hydiogen Hydrogen 

fluoride. “ ortho jlicate. fluoiide. 

SiK, -f 4H2O = I'hgiO, + 4HF 

(Compare the action between phosphorus iodide and water ) „ 

(il) Hydrogen Silicon Hydrogen 

fluoride. fluoride. fluosilicate. 

4HF 4- a Si I’’, = 2 HsSi Fa 
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Increase the heat slightly if the stream of silicon fluoride becomes 
slow, and continue it until no more gas comes over' ; then loosen 
the cork and take the delivery-tube quickly but of the solution. 
Filter the liquid from the gelatinous silica through a paper, or more 
conveniently, a fine linen filter ; care being taken that none of the 
mercury falls on the filter. [The silica thus obtained is very pure, 
and hence may be worth the trouble of washing, an operation which 
takes some time, and must be done very tjjoroughly. After a final 
rinse with warm water, the filter containing the silica may be left to 
diy, either spontaneously or on a sandbath.] 

It is best to keep the solution of the acid, not in glass, but in 
a gutta-percha bottle, since the former is always acted upon to 
a certain extent. Before using it as a test for barium, examine it by 
the two following tests, to make sure that it contains no hydrogen 
sulphate, which may have been earned over mechanically, if the 
action has proceeded too rapidly. 


Properties of Hydrogen flnosilloate. 

1. It produces no precipitate in solutions of strontium 
salts. 

(a) Dissolve a few small crystals of strontium nitrate in lo c.c. 
of water, and add to the clear solution about 5 c.c. of the acid which 
you have prepared. No precipitate will be formed, since strontium 
fluosilicate is soluble in water. 

[If a precipitate or turbidity is produced immediately, or within 
a few minutes, hydrogen sulphate is present as an impurity, and 
the acid cannot be used for the following expt.] 

2. “When mixed with a solution of a barium salt, it forms 
a white oryatalllne precipitate. 

Add a few drops of the acid to a little solution of barium chloride 
in a test-tube. A crystalline precipitate of barium fluosilicate will 
be fomied, which will not be dissolved on the addition of some 
dilute hydrogen nitrate (resembling biirium sulphate, p. 28g, in this 
respect). 


' Do not, however, apply a strong heat, or hydrogen sulphate may distil 
over, and render the solution useless for analytical purposes. If a strong 
solution of hydrogen silicofluJride be wanted, it is a good plan to set up 
another similar appaiatus, with a delivery-tube leading into the same jar of 
water. The time necessary to obtain the required solution is thus diminished 
by one-half. 


"1 
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[If no precipitate forms, the solution of the acid is not sufficiently 
strong, and more silicon fluoride must be passed into it in the 
manner above descfibed, before it can be used as a test foi barium.] 


[The student is lecommended, before passing 011 to the 
study of the diffeieiit metals, to lefer to the account of the 
course of anal^’sis giveft at the commencement of Part II, and 
to practise himself in the analysis of single salts containing 
some one of the foregoing non-metallic radicles associated with 
an alkali-metal. The portions of the scheme of analj’sis which 
he will requite for this purpose are Section II (omitting such 
experiments as relate to the detection of a metal), and Section 
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SECTION III. 

PREPARATION AND EXAMINATION OF THE PROPERTIES 
OF THE PRINCIPAL METALLIC RADICLES 
AND THEIR COMPOILNDS. 

[Before commencing the experiments on each metal, an account 
of the metal itself, its ores, the mode of obtaining it from the ores, 
and the general characters of its compounds, should be read up in 
some good text-book on Chemistry, and briefly entered in the note- 
book. 

An account of the principle on which the metals are classified 
into groups is given m Part II, Section I : and such of the experi- 
ments there given as relate to the metals should be now tried.] 

Group I. 

Metals whioli are separated from solutions by hydro- 
gen chloride. 

Silver, Mercury, Lead 

1. SILVER. 

[Symbol of atom, Ag (argentum). 

Weight „ io8 hydrogen-atoms.] 

Formula of molecule. 

[Compounds of silver,— Silver nitrate, AgNOg 
„ chloride, AgCl 

„ oxide, AgjO] 

[Liquids containing silver, such as the mother liquor from the 
crystals of silver nitrate and the residues from the following experi- 
ments, should on no account be thrown away, but reserved in a 
bottle labelled ‘Silver Residues V 


‘ Mercury is only thus separated when in the monovalent condition. 
Lead is only partially sepaiated, since lead chloride is not quite insoluble 
in water. " 

“ For the method of recovering the silver from these residues, see 
Appendix B. II. 
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It must be borne in mind that solutions of silver salts, if allowed 
to touch the skin or clothes, stain them black. The quickest way 
of removing these Aains is to moisten them first with a solution of 
rritassiutn iodide, and then with strong solution of potassium cyanide. 
Great care must, however, be taken in using the latter, as it is very 
poisonous ; all traces of it should he washed aw-iy as soon as it has 
removed the stains.] 

» 

Preparation of Silver nitrate from an alloy such as 
silver coin. 

The English silver coinage consists of silver alloyed with 
about one-thirteenth its weight of copper. This alloy dissolves 
readily in hydiogen nitrate, but the silvei alone is precipitated 
as chloride when hydrogen chloride is added to the solution. 

Place a small silver coin weighing about 1 grm. in a large 
test-tube, pour on it 6 or 8 c.c. of concentrated hydrogen 
nitrate, and waim the tube veiy gently on a sandbath. A 
strong action will commence, and nitrogen oxides will be 
evolved, the fumes of which should not be allowed to escape 
into the room'. In a shoit time a clear bluish green solution 
will be formed, containing silver nitrate and copper nitrate. 
Dilute the solufion with four or five times its volume of water, 
and add about 10 c.c. of common stiong hydrogen chloride. 
The silver will be completely piecipitated as chloride, while the 
copper chloride, being soluble in water, remains in the liquid. 
Close the mouth of the tube and shake it for a few seconds ; 
the suspended silver chloride will then separate in curdy masses, 
and after adding a few more drops of hydrogen chloride to 
make suie that the precipitation is complete, the liquid may be 
poured off through a filter''. 

The precipitate should 'next be thoroughly washed on the 
filter with several changes of water, until the liquid which runs 


‘ The action ib similar to that of hydrogen nitrate on copper in the pre- 
paration of nitrogen dioxide (see p. lyal. 

gAga + SHNOs = 6 AgNOj’M- 4HjO + NjOj 
' It may he proved to contain copper by putting a ■small strip of clean 
bright iron, or the blade of a knife, into it ; a red coating of metallic copper 
will be deposited, as shown in expt. r, p. Sy. 
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through the filter ceases to redden blue litmus-paper. While 
the last portions of water are draining off, take a strip of sheet 
zinc about i cm. broad and 12 or 14 cm. long, cover its 
suiface with a thin film of mercury’ by immersing it for a 
minute in an acid solution of mercury perchloride (a c.c. of the 
ordinary laboratory solution with 20 c.c. of water and 5 c.c. of 
dilute hydrogen sulphate), and then wash it with clean water. 
Transfer the silver chloride to a large test-tube, rinsing it through 
a hole made in the filter ; then fill the tube half full of water, 
add about 5 c.c. of dilute hydrogen sulphate, and put in the 
strip of zinc, taking care that it comes closely into contact 
with the mass of silver chloride at the bottom of the tube. A 
galvanic action will be set up, and the hydrogen liberated in 
contact with the silver chloride wiO combine with the chlorine ; 
and thus the silver will be separated in the metallic state as a 
fine black poxyder, which, as the molecules aggregate together 
into larger masses, will become of a light brown, or gray. In 
about half an hour the reduction will be complete, and the zinc 
may then be taken out, and the liquid (which contains hydrogen 
chloride, as may be proved by testing a small portion of it with 
silver nitrate) pouted off from the spopgy inass of reduced 
silver. Wash the latter thoroughly by decantation (breaking 
up the lumps by stirring with a glass rod), boiling it with 
several successive changes of water, until the washings give no 
precipitate with silver nitrate. 

[To prove that the earthy-looking powder is really metallic silver, 
a small portion of it may be taken out with a spatula, dried on 
blotting paper, placed in a mortar and pressed under a polished 
glass pestle. The particles will then cohere, forming a plate xvith 
a bright metallic lustre.] 

After pouring off as much of the water as possible, add four 
or five drops of strong hydrogen nitrate, and warm the mixture ; 
the finely divided metal will readily dissolve, forming silver 


' This is advisable (though trot absolutely necessary) since it prevents 
‘ local action ’ (see under zrnc) and avoids the separation of the particles 
of carbon, lead, &c., which always occur in ordinary zinc, and are rather 
difficult to separate from the reduced silver. 
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nitrate. Another drop or two of the acid may be put in, if 
there is still a rescue undissolved on warming the liquid ; but 
any great excess of acid should be avoided. Pour the solution 
into a porcelain dish and evaporate it to dryness : the residue 
may be used for making the solution of silver nitrate required 
for the photographic experiment (p. 327). 

Formation of double salts of Silver. 

[The ordinaiy laboratory solution of silver nitrate, containing 
I grm. of the salt in 50 c.c., may be used.] 

Silver shows a great tendency to form with the alkali-metals 
double salts which are, as a rule, soluble in water. One example 
of these, silver-sodium thiosulphate, has been given already under 

THIOSULl’HATES. 

1. Silver-ammouium oxide. 

Put two diops (not more) of solution of ammonium hydrate 
into a test-tube, dilute with about 4 or g c.c. of water, and add 
solution of silver nitrate drop by drop. A brown precipitate of 
silver oxide (or perhaps hydrate) will be at fiist formed, but 
this will, on shaking,*redissolve, forming a clear solution con- 
taining the double oxide cf silver and ammonium (Ag(H,,N) 0 ). 
Continue adding silver nitrate gradually, shaking the mixture 
thoroughly after each addition, until a slight permanent blown 
precipitate is foiTned (showing that the ammonium hydrate is 
no longer in excess), and keep the solution for a future expt. 
(P- 333)- 

2. Silver-potassium cyanide. 

Put about 5 c.c. of solution of silver nitrate into a test-tube, 
and add a few drops of solution of potassium cyanide (i grm. 
in 30 c.c.). A white precipitate of silver cy'anide will be foimed, 
but when sufficient excess of potassium cyanide has been added, 
this will redissolve, forming a solution of silvei -potassium 
cyanide (AgKCy„), which is the compound usually employed in 
electroplating. The solution should be kept fetr use in a future 
experiment in illustration of this (p. 326). 

Y 
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Eedtiction of Silver from its oompomids. 

Silver is one of the easiest metals to reduce from its salts. 
It can be separated from an electro-negative radicle both by 
chemical and physical means. Its reduction from silver chloride 
by nascent hydrogen has lately been illustrated (p. 320); its reduc- 
tion from silver nitrate by mercury was effected in an expt. given 
on p. 88, the principle in these and other cases being to turn 
out the silver by means of some substance which has a stronger 
affinity for the clecti'o-negative radicle. Tartrates also, p. 217, 
sulphites, p. 283, and hypophosphites, p. 297, have been shown 
to reduce silver from its carbonate or oxide. The followinn- 

Q 

experiments illustrate processes of gieat practical importance. 

The reduction of its salts by fusion with sodium carbonate 
will be found desciibed on p. 327. 

1. By iron protosulphate. 

Put five or six drops of solution of silver nitrate into a test-tube, 
dilute with 5 01 6 c.c. of water, and add a few drops of solution 
of iron protosulphate. No immediate change will be observed, 
but in the course of a minute or two a gray deposit of particles 
of metallic silver will form gradually, the J,ustre_of which can be 
seen on shaking up the contents of the tube. 

The nature of the action is this: — The iron in iron protosalts 
has a great tendency to combine with more of a non-metallic 
ladicle than it holds already in combination: in doing which 
it changes its valency or combining power, becoming trivalent 
instead of divalent. Hence some of it leaves the sulphate 
radicle (enough still remaining to form the persulphate) and 
takes the nitrate radicle from its combination with silver, the 
latter being separated in the metallic state’. 

The gradual w'ay in which the reduction takes place renders 
iron protosalts of great value as ‘ developer s ’ in photography; 
the silver particles, when thus leisurely separated, attaching 
themselves by preference to those portions of the sensitive 


’ Silver Iron proto- suver P®’" 

nitrate. sulphate. ‘ sulphate. nitrate. 

6 AgNOc + fiFeSOj ■= jAgj + 2Fes(SOi)3 + aFefNOalj 
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film of silver iodide which have been acted on by light, and 
thus building up ^n intense picture. Foi details a tieatise on 

photogiaphy must be consulted. 

• 

2. By organic substances. 

{a) Draw lelteis on a piece of paper with a glass rod dipped 
in a solution of silver nitrate, and heat the paper in front of a 
file, or at some distance above the flame of an aigand buiner, 
until it IS nearly hot enough to become scorched. The letters 
will appear in an indelible black ; the hydrogen and carbon of 
the paper having decomposed the salt, combining with its 
oxygen, while metallic silver is separated, and adheres closely 
to the fibre of the paper. 

This illustrates the use of ‘maiking ink,’ which is simply 
a solution of silver nitrate thickened with gum. It also e.xplains 
why silver salts stain the skin black. 

{b) Tartrates (as seen already, p. 217) and some other 
organic compounds (e.g. giape sugar) readily reduce silver from 
its combinations ; the action being in general similar to that of 
the paper in the expeiiment just made. When the deposition 
of the metal is made to take place gradually, it forms a surface 
equal in smootltness 'and polish to that of the glass vessel to 
which it adheres, and reflects light brilliantly. 

Take the solution of silver- ammonium oxide obtained in 
expt. I, p. 321, and filter it from the slight deposit of silver 
oxide. Add to the filtrate about two drops of solution of 
sodium-hydrogen tartrate, mix thoroughly, and warm it by 
placing the tube in a jug or beaker of hot water. The liquid 
will tuin black, and a brilliant film of metallic silver will be 
deposited on the sides of the tube. 

This illustrates the mode in which mirrors for telescopes 
(in some cases a metre or more in diameter) are covered with 
a firm deposit of silver, which will even bear careful polishing. 

A fairly good convex minor may be made fiom a watch-glass 
as follows. Clean the inside of it thoroughly with a few drops of 
solution of potassium hydrate applied with a tuftof tow or cotton, 
then rinse it several times with distilled water and imbed it to the 
edge in sand on a sandbath. Make a rather strong solution of 


Y 2 
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silver-ammonium oxide as above directed (p. 321), using i c.c. of 
solution of ammonium hydrate diluted with 5 c.c. of water : and, 
after adding five or six drops of solution of sodium-hydrogen tartrate, 
fill the watch-glass to the biim and heat the sand very gently. 5n 
about half an hour the reduction will be complete ; the liquid may 
then be poured off, and the deposit on the glass washed by a very 
gentle stream of distilled water and left to dry spontaneously. It 
will not be advisable to attempt to polish it : the curved film 
looked at through the glass will form the convex minor. 

If a concai'e mirror is desired, it may be made as follows. 
Attach a cork to the inside of a watch-glass by sealing-wax, to 
serve as a handle. Clean the convex side of the glass by potash as 
above directed, and (after rinsing it) support it, convex side down- 
wards, in a small porcelain dish by means of three bits of wire or 
splinters of wood stuck into the coik like spokes of a wheel, and 
resting on the edge of the dish. There should be a clear interval 
of s or 6 mm. between the glass and the bottom of the dish, 
Ascertain by measurement with water what volume of liquid will 
be required to fill up the space between the glass and the dish, 
and make sufficient silver-ammonium oxide solution for the pur- 
pose ; then proceed as already directed. The cork may be after- 
wards detached fi-om the glass by putting in a little alcohol, which 
will soon dissolve the sealing-wax 
3 . By the action of light. 

This is especially rapid in the case of silver chloride, the 
alteration in colour of which, when exposed to light, may have 
been noticed already. The change may now be examined 
more fully, and the effect of the presence of excess of a soluble 
silver salt may be tried. 


* A very good silvering process is that known as Martin’s, an outline of 
which 13 given below. 

Make the following solutions — 

A. Silver nitrate, 2 grms. 


Ammonium nitrate, 3 gims, 
B. White sugar, 5 gims. 

Hydrogen tartrate, i grm 


:! 

‘i 


dissolved in 100 c.c. of water, 
dissolved in 50 c.c. of water. 


Boil this solution for ten minutes, then add 10 c.c. of pure alcohol 
and dilute with water to 100 c.c. 


C. Potassium hydrate (pifte) 5 grms. dissolved in 30 c.c. of water. 

For use, mix equal vols. of B and C (say, 10 c c, of each") and add to the 
mixture the same vol, (say, 20 c.c.) of A. No heat should be used ; the 
reduction takes place quite readily in the cold. 
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Prepare a little silver chloiide by adding excess of solution of 
ammonium chloride to about g c.c. of solution of silver nitrate : 
wash it on a filter, avoiding exposure to light as much as 
pSssible. Take the still moist filter out of the funnel, open 
it out on blotting-paper, and spread the silver chloride in an 
even layer over it with a glass lod ; then divide it into two 
pieces, each containing^ some of the piecipitate, and lay them 
upon separate watch-glasses or plates. Pour upon one of the 
pieces a drop or two of ammonium chloride (to decompose 
any remaining traces of silver nitrate), and upon the other 
a similar quantity of silver nitiate ; and expose them both to 
a good light (sunlight if possible). In about half an hour 
observe the difference in the results. 

{a) The silver chloride which was freed from all silver nitrate 
will have turned bluish graj', owing to separation of some, at 
any rate, of the chlorine, from the silver; but the reduction 
will be only slight and supeificial. 

{b) The silver chloiide to which the silver nitrate had been 
added will be found to have turned to a brownish black, and 
the effect will have penetrated deeper. 

The reason oj the.difference is this: — The effect of light is 
in both cases to separate chlorine fiom the silver chloride in 
two stages, forming (i) silver subchloride and chlorine, (ii) 
metallic silver and chlorine '. The dark film of silver protects 
the portions below fiom the action of the light, and hence 
the reducing action almost ceases in {a), where we aie dealing 
with pure silver chloride alone. But in {b), where we have 
some silver nitrate interspersed among the jrarticles of the 
silver chloride, the chlorine liberated as above explained from 
each molecule of silver chloride decomposes this nitrate and 
forms more silver chloride, which is at once reduced by light : 
and so the action continues until a consideiable deposit of 
silver is obtained. 

This illustrates the action which goes on in the production 


(il 4 AgCl = 3 AggCl + CI2 
(li; 2 Ag.^Cl = 3 Ag2 + Cla 
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of an ordinaT}' photographic print, which will be more fully 
illustrated in a future experiment. 

4. By tlie action of electricity. 

All processes of electroplating depend upon this method of 
I eduction of silver salts; silver-potassium cyanide being found 
the most suitable, since the metal is deposited from it in a firm 
coherent film. ,, 

Pour the solution of silver-potassium cyanide already made 
(expt. 2, p. 321) into a small porcelain dish : put into it a clean 
bright strip of copper, and lay on the copper a small bit of 
zinc, pressing the two closely into contact (or, better, connect 
them as shown in fig. 96, p. 412). The copper will very shortly 
become coated with a white film of silver : tlje action being 
similar to that in which copper was deposited on platinum 
(P- 79 )' 

Tests for compounds of Silver. 

*1. Their solutions, when tested with hydrogen 
chloride, give a white precipitate, soluble in ammonia, 
but not in aqua regia. 

Put two or three drops (not more, in order ^hat the delicacy 
of the test may be observed) of the solution of silver nitrate into 
a test-tube, dilute with 5 or 6 c.c. of water, and add a drop or 
two of dilute hydrogen chloride. A white, cuidy precipitate of 
silver chloride will be produced. 

{a) Pour off half the liquid containing the precipitate in 
suspension into another tube, add to this portion a little strong 
hydrogen chloride and a drop or two of hydrogen nitrate (so as 
to foim aqua regia) and boil the mixture. The precipitate will 
not dissolve or be altered in any wmy (being thus distinguished 
from the precipitate of mercury protochloride, p. 340). 

{ 1 ) To the remaining portion add solution "of ammonium 
hydrate, which will readily dissolve it. If excess of dilute 
hydrogen nitrate is added to the clear solution, silver chloride 
will be again precipitated.^ 

*2. Tbeir solutions, when tested with potassium 
chromate, give a crimson precipitate. 
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Add to a similai dilute solution of silver nitrate a drop or hvo 
of solution of potassium chi ornate. A dark crimson precipitate 
of silvci chromatj will be formed, readily soluble in dilute 
hydrogen nitrate. 

"'S. Eeditced on eliarcoal before the blowpipe, they yield 
a brilliant metallic malleable globule, but no incrusta- 
tion. ^ 

Powder a small crystal (no larger than a grain of wheat) of 
silver nitrate, mix it intimately in the mortar with about twice 
as much sodium carbonate ; then place some of the mixture in 
a cavity cut in a piece of charcoal (see p. 102), and heat it 
cautiously in the blowpipe flame, remembering that nitrates 
deflagrate when heated in contact with charcoal (p. 163). 
When the deflag! atioa is ovei, bright particles of silver will be 
seen, which may by inci easing the heal be fused together into 
one globule. This will lemain untarnished in the oxidising 
flame, and no incrustation will be observed on the cooler parts 
of the charcoal, since silvei has but little tendency to unite with 
o.xygen, The malleability of the globule should be tried by 
placing it in a clean porcelain mot tar and pressing strongly on 
it with the pestje. it will spiead out into a flat plate, and 
no tendency to split at the edge will be observable under a 
m.ignifier. 

Additional Experiment. 

Preparation of a photographic print. 

The principle of this process has been illustrated already in 
expt. S, p. 325. 

[Solutions required, — 

Ammonium chloride, i gmi. in 50 c.c. of water. 

'Silver nitrate, 4 grms. in 50 c.c. of water 
Sodium thios,ulph!Lte, 10 grras. in 50 c.c. of water.] 

Pour the solution of ammonium chloride into a flat plate or dish. 
Take a piece of fine drawing-paper about 10 or 12 cm. square, 
make a small pencil-mark in one corner, then taking it up by the 
two opposite comers lower it gently upon the solution in the plate. 


' The silver nitrate obtained from the silver coin, p. 321, may be used in 
nmKing this solution. 
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keeping the marked side downwards, so that the centre touches the 
liquid first, the two corners being lowered afterwards, in order that 
no air-bubbles maybe ictained between the solution and the paper. 
Allow the paper to float upon the solution for five or six minute?, 
then take it up by one coiner, and pin it to a shelf or the back of 
a chair with the wet side outwards, to diain and dry, attaching ’ 
a small bit of blotting-paper to the lowest coiner, to absorb the 
solution which drains down. ^ 

The next stage of the prepaiation of the paper, since it involves 
the formation of a compound sensitive to light, must be performed 
by candle-light, and therefore in a cellar, or a room with closed 
shutters, or in the evening. Pour the solution of silver nitrate into 
a perfectly clean plate, carry it into a room lighted only by a candle 
or by a small gas-flame, and float upon it the piece of salted paper 
(with the marked side downwards), taking paiticuhr care to avoid 
air-bubbles. The silver nitrate in the solution will act upon the 
ammonium chloride in the paper, and ammonium nitrate and silver 
chloiide will be formed at the surface of the paper. After the lapse 
of five minutes, raise the paper by one corner and pin it up, as 
before, to dry in a dark cupboard or drawer. Obtain two pieces of 
flat window-glass, rather larger than the piece of prepared paper ; 
lay one of them flat on the table in a loom lighted by a candle (or 
gas) only, oi at any rate in the darkest comer of a room in which 
the blinds are drawn down. Place upon the'' glass^a piece of black 
velvet or thick brown paper ; lay upon this the dry piece of pre- 
pared paper, having the marked side upwards ; place upon the 
paper a piece of black lace or a fern leaf, or a piece of blackened 
caid with letters cut out in it' ; and on the top of all lay the other 
plate of glass. Bind the whole together by two letter clips or india- 
rubber bands, one on each side, and bung the extempore printing- 
frame into full daylight. You will observe the portions of the 
prepared paper which are not piotecled by the lace or the engraving, 
to pass through shades of led and puiple, finally becoming black 
and bronzed, if looked at obliquely byieflected light. When this 
is the case, remove the apparatus again to the dark room, and take 
out the prepared paper. The lace, or other opaque object, will be 
found to have protected the paper from the action of the light, and 
an image of it will be formed, white on a black ground. Of course. 


' A small engraving, the paper of which has been rendered semi-trans- 
parent by warming the back of it and rubbing in white wax or paraffin, will 
answer. 
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if the paper was now brought out to the daylight, it would blacken 
all over, and the image would be obliterated. If it be thought worth 
preserving, it musfbe soaked in several changes of common water 
te remove all excess of silver nitrate (see note below*), and then 
placed in the solution of sodium thiosulphate. This solution will 
dissolve away all the unaltered silver chloride (see p. 293), leaving 
the leduced silver untouched: aprocess termed ‘fixing’ the picture. 
After the print has ren^ained about ten minutes in the solution it 
should be removed, and washed in several changes of water; after 
which it may be brought out to the light without damage. Unless 
the ‘ toning ’ process mentioned in the note has been employed, the 
black portions will have become reddish brown, and will be reduced 
in intensity ; but the expeiiment will serve the purpose of illustrating 
the action of light on silver chloride, and the piinciples of the art 
of photography.’ 

2. MBE.CTTRY. 

[Symbol of atom, Hg (hydrargyrus). 

Weight „ 200 hydrogen-atoms.] 

[It must be borne in mind that mercury and most of its com- 
pounds arc very poisonous, whether taken internally or absorbed 
by the skin. Moreover, the metal should not be spilled about on 
the table or floor, or thrown down the sink, since it combines with 
lead and soon destroys the pipes “.] 

Preparation of Mercury from its ores. 

Mercury is chiefly obtained fiom its sulphide, the mineral 
cinnabar, which is chemically the same as vermilion. This 


* If the print is a good clear one, it may be worth while, before applying 
the sodium thiosulphate, to render it more intense and permanent by the 
following ‘toning’ process. Dissolve 1 grm. of sodium dibornte in 50 c.c. 
of water, add six or eight diops of solution of gold chloride (i grra. in 50 c.c.) 
and pour the mixture over the washed piint, laid on a plate ; moving the 
jiaper about so that the solution m.ay act uniformly all over it. The silver 
of which the picture is formedi will decompose the gold chloride, forming 
silver chloride, and metallic gold will be deposited m its place. When the 
dark portions have turned bluish black, the solution should be poured off 
and the pnnt after a slight washing may be placed in the solution of sodium 
thiosulphate as above directed. 

■’ It is a good plan, when making experiments involving the use of 
metallic mercury, to place all the apparatus on a shallow tray, so as to 
retain any of the metal which is accidentlllly spilt. A common tea-tray 
will answer: or one may be made extemporaneously by turning up the 
edges of n piece of blown paper, and cementing the corners with sealing- 
wax. 
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yields the metal when heated with quicklime, the calcium and 
oxygen of which combine with the sulphur 

Powder a small bit of cinnabar or vermiliod (the oidinaiy red 
paint), and mix it intimately with twice as much quicklime*: 
then put some of the mixture into an ignition-tube, cover it with 
a little more quicklime and heat it strongly. Bright globules 
of a liquid metal will condense in the tube, running together 
into one drop when scraped off the glass with a splinter of 
wood, such as a match. These must be mercury, since it is 
the oirl_v metal which is liquid at ordinary temperatures. 

Properties of Mercury. 

1. Its liquidity and cohesion. 

Pour a few drops of mercmy on a clean plate ; if the metal 
is pure the drops will preserve their roundness as they roll 
about, since their cohesion to each other is much greater than 
their adhesion to the surface on which they rest“. 

2. Its high density, 13-6 times that of water. 

This may be ascertained in the manner described on p. 51 ; 
5 c.c. of mercury being carefully measured and then weighed. 
Owing to the strong cohesion of mercuiy compared with its 
adhesion to the glass, the curve of its surface rn the tube will be 
convex, thus y—-, instead of concave, as in the case of water ; 
and hence, m order to obtain an approximately correct measure, 
the 5 c.c. mark should coincide with the line where the liquid 
touches the glass (and should not forar a tangent to the curve, 
as usual). 

3. Its volatility (boiling point, 360'^). 

Place a small drop of mercury in a dry test-tube (using a 
pipette to tiansfer it), and heat it ovef a lamp, holding the tube 


‘ 4HgS + 4CaO = 3CaS + CaSO, + 4Hg 

" If the metal contains lend or other impurity, its liquidity is impaired, 
and the drops will become elongated when the plate is inclined, and will 
move about sluggislil)', leaving portions behind them. In order to purify 
it, pour it into a plate or shallow dish in sufficient quantity to fonn a thin 
stratum at the bottom, and pour over it enough dilute hydrogen nitrate 
(1 vol. of the stiong acid to 20 vols. of water) to cover it. Leave it in 
contact with the metal for three or four hours, stirring it occasionally witli 
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nearly horizontal. The metal will boil below a red heat, and, 
if pure, will wholly volatilise, its vapour condensing in the 
cooler parts of the tube and forming a bright metallic ring, 
A-hich, when looked at through a magnifier, will be seen to 
consist of minute liquid globules like dew. These, if touched 
with a glass rod, may be made to lun together into one laige 
drop. 

4. Its combination with metals, forming amalgams. 

The combinations formed by one metal with another are in 
general called ‘ alloys,’ but the alloys of mercui y have received 
the special name of ‘ amalgams ’ (an old alchemical name). 
The amalgam of mei cury and zinc has been already alluded to 
(p. 320), and will be more fully described under zinc. Mercuiy 
and tin form an amalgam which is of great practical use in 
the manufacture of miirors. 

Clean a piece of tinfoil about 5 cm. square by rubbing over it 
a diop of strong hydrogen chloride with a tuft of tow held in the 
crucible tongs. After washing and drying it with a cloth, place 
it on a traj’ of paper (made by turning up the edges of a sheet 
of writing-paper) laid on a smooth flat table or block of wood. 
Pour on it several drtipsof mercury from a pipette : the mercury 
will at once adhere to, and amalgamate with, the tin : it should 
be rubbed with a tuft of tow until an even layer is foimed all 
over the tin. Take a bit of sheet glass about as large as the 
tin, and, holding it horizontallj'-, bring it to the edge of the 
layer of mercury, and slowly slide it over the tin so that its 
edge, immersed in the mercury, may sweep before it any dirt or 
impurities, leaving a clear bright surface of mercury in contact 
with the glass. Press it down on the tin with a weight of 


a glass rod to expose a fre.sh surface of the metal to the acid ; then pour oft 
the acid, wash the mercury with n stream of water poured from a jug, and 
finally, .after pouring off as much water as possible, absorb the remainder 
with a clean cloth or blotting-paper. Fit a filter in a funnel, and malce two 
or three fine holes with a pm at the point ; sirpport the funnel ovei a beaker 
01 bottle, and [lour into it the dry mercury."' The metal winch luns through 
will be found very nearly pure ; it may be further pwified by distillation, 
but, except for special purposes, the gain iu purity will scarcely compensate 
for the trouble and risk. 
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I kilog. or more, so .as to squeeze out all supeifluous mei'cury 
(which should twt be put back into the bottle ’), and leave it 
under pressure for a day or two. The mercury will by that 
time have thoroughly combined with the tin, and formed S' 
solid, biightly-reflective amalgam on the suiface of the glass. 

This illustrates the way in which ordinary looking-glasses 
and mirrors are ‘silvered.’ 


Preparation of compounds of Mercury. 

Mercury forms two distinct series of compounds, in one of 
which a given weight of it is combined with twice as much of 
the elecLiQ-negative radicle as is present in the other. It is 
found for instance, that one atom of mercury (Hg) will saturate 
and form a definite crystallisable compound with either 

(i) one atom * of the nitrate radicle (NO3), to form mercury 
protonitrate (HgNOj), or 

(ii) with two atoms of the same radicle to form a molecule 
of mercury pernitrate (Hg(N03),). 

Either one of these can be formed, tojhe g.xclusion of the 
other, by varying the conditions under which hydrogen nitrate 
acts on mercury. 

The existence of these two scries of compounds illustrates 
very well the variation which may exist in the ‘ valency ’ of a 
chemical atom, by which term is meant its power of holding 
other atoms in combination. Thus in regard to the nitrate 
radicle, the chlorine radicle, and others, the mercury-atom is 
sard to be ‘ monovalent ’ in the protosalts and ‘ divalent ’ in the 
persalts. When salts of the one series ate converted into the 
corrcspondrng salts of the other series (protosalts into persalts 
and vice versa), the conversion is accompanied by a change of 
valency of the mercury-atom. 


' It may be reserved for amiflgamating zinc b.'ittery plates, or making 
sulphur dioxide. 

” The word ' atom ’ is used here, of course, in its strict chemical sense, to 
express the smallest quantity which can take part hr a chemical action. 
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A. Mercury Protosalts. 

' Formula of molecule. 

[Typical examples,— Mercury protonitrate, Hg;(N03)j^ 

„ protochloride, HgjCli 
„ protoxide, HgjO] 

Preparation of Mercury protonitrate. 

Mercury protonitrale is prepared by taking hydrogen nitrate 
slightly diluted and allowing it to act on excess of the metal, 
the temperature being kept low^ 

Place a globule of mercuiy about as large as a pea in an 
evaporating dish, and pour upon it a mixture of 5 c.c. of strong 
hydrogen nitrdte with 3 c.c. of water. Allow the action to go 
on for ten minutes or so (while other experiments are proceeded 
with), stirring the liquid frequently, but applying no heat; then 
pour the solution, together with the remaining mercury, into a 
test-tube, dilute it with water to 50 c.c., and reseive it (marked 
‘mercury protonitrate’) for experiments, p. 341. 

[In keeping solutions of mercury protosalts, some metallic mer- 
cury must always be^resent in the bottle or tube ; otherwise the 
substance will soon pass into a persalt.] 


Preparation of Merctuiy protooMoride. 

This is the common substance known as ‘ calomel,’ and is 
usually piepared on a large scale by heating the required pro- 
portion of mercury with mercury perchloride. As a comparison 
of the formulae of the molecules will show, each molecule of the 
perchloiidc (HgClj) requires the addition of one atom of 
mercury in order to form l,he protochloride (Hg^Clj)''. 


* The above formulae for the molecules are used instead of the simpler 
ones, HgNOj and HgCl because the protosalts show a tendency to separate 
into metallic mercury and a persalt; indicating that there may be more 
than one atom of mercury in the molecule. This is not inconsistent, of 
course, with what is s-iid above with reference to the valency of the single 
mercun’-atom. 

“ 2 Hg + 4 HNOj = Hg/N03\ + NjOi + 2 HjO 

= HgCh + Hg«Hg,Ch 
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Place a small glass mortar in one scale of the balance, 
counterpoise it, and weigh into it 2 grms. of mercury and 
2'7 grms. of mercury perchloride. Grind the whole thoroughly 
together until most of the mercury has been bioken up into 
small particles and mixed with the perchloride. Put all the 
contents of the mortar into a small test-tube, and apply heat. 
A sublimate will foim, yellow while hot^but turning white on 
cooling, which is mercury protochloride. Shake out some of 
this into another tube and heat it. Observe that it volatilises 
without any sign of previous fusion : passing at once from the 
state of solid to the state of gas. Boil a little more of it with 
water: it will be found insoluble. Both these properties dis- 
tinguish it from mercury perchloride, which is soluble in water, 
and w'hen heated liquefies before volatilising. 

Preparation, of Mercury protoxide (or suboxide). 

Pour some solution of potassium hydrate upon some of the 
mercury protochloride obtained in the last expt. A black 
substance will be formed, which is mercury protoxide h 

* — # 

B. Merctu’y Persalts. 

Forniulft oF molecule. 

[Typical examples, — Mercury pernitiate, Hg(N 03)2 

„ perchloride, HgCh 

„ periodide, Hgl^ 

„ persulphide, HgS 

„ peroxide, HgO] 

Preparation of Mercmy pernitrate. 

The conditions necessary for preparing mercury pernitrate 
are, strong acid taken in excess, and a high temperature. 

Put a small globule of mercury into an evaporating dish, pour 
on it 4 or 5 c.c. of strong hydrogen nitrate, and heat the whole 
on a sandbath, in a draught-cupboard if possible''. Allow the 


‘ + 3 KHO = Hg.O + 3 KCl + HjO 

" Hg + 4 HNO, - Hg (.NOa)^ + NjO, + 2 H^O 
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action to go on until all the metal is dissolved, then add a little 
more strong acid and continue heating it until a drop taken out 
on a glass rod givts no precipitate when mixed in a watch-glass 
\tilh a drop of dilute hjdrogen chloride^ After diiving off 
any great excess of acid by evapoiation'-', pour about three- 
fourths of the solution into a test-tube, dilute it with water to 
30 c.c. and leseive it (marked ‘ mercury pernitrate’) for experi- 
ments, p. 342. Evaporate the remainder of the solution to 
dryness, and reserve the residue for making mercury peroxide 
(P' 337). 

[The preparation of mercury peichloride has been illustrated 
already, p. 240.] 


Formation of Meroui'y periodido. 

This substance has been prepared already (p. 84), but not in 
a manner in which the remarkable change of colour which it 
undergoes could be noticed. 

(a) Dilute two drops of a solution of mercury peichloride with 
5 or 6 c.c. of water, and add one drop of solution of potassium 
iodide. The p?«)iprtate of mercury iodide which forms is, in 
this dilute solution, bright yellow at first, but changes in the 
course of a minute or more into pink and finally scarlet. 

The reason of the change of colour appears to be this ; — 
Mercury periodide exists in two different allotiopic conditions, 
which differ in crj'stalline form : the one occurring in oblique 
rhombic prisms which are yellow, the other in square octohedra 
which are scarlet. Of these the most stable is the latter, and 
hence the yellow precipitate, which consists of the pri.smatic 
modification, changes to sparlet, the conversion being quicker 
in strong solutions. 


^ Some mercury protonitrate is at first formed : and this, as will be 
proved later, gives a white precipit.ite with hydrogen chloride, while the 
pernitrate does not. Hence when the solution gives no precipitate witli 
hydrogen chloride, we may be sure that it clintains mercury pernitrate only. 

’ If the evaporation has been unintentionally carried to dryness, a little 
dilute hydrogen nitrate must be used to dissolve the residue : otherwise 
a basic salt insoluble in water will be formed. 
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If a few more drops of solution of potassium iodide are added 
to the precipitate it will readily dissolve, a double salt, mercury- 
potassium iodide, being formed*. 

{!)) Put a little of the scarlet mercury iodide obtained In 
Exercise g, p. gz, into a small dry test-tube, and heat it slowly 
over a lamp. It will melt and volatilise, condensing in yellow 
prismatic crystals in the cool pait of the tube. The yellow 
sublimate, however, is not pennanent ; on rubbing it with a 
glass rod seal let lines will appear and the whole will soon pass 
again into the moie stable modification. 

[If you possess a moderately good microscope, you will find it 
interesting to watch the progress of the change by subliming 
a little of the scarlet merciii'y iodide from a ciucible to one 
of the ordinai-y microscope slides*, placing it on the stage of 
the instrument, examining the crystals with a one-inch power, 
and lightly touching one of them with a needle. The change 
will begin in the crystal which was touched, and gradually spread 
through the whole, while its progiess may readily be watched; 
the yellow rhombic prisms, though unchanged m general shape, 
becoming aggregations of red octohedra with a square base, belong- 
ing to a different crystallographic system.] 

Preparation of Mercury persulphide. 

This substance, which is identical with vermilion, ajfords 
another example of the change of colour due to difference of 
allotropic form which is often observable in the compounds of 
mercury. 


‘ The use of this as a test for ammonium salts will be described under 
AMMONIUM. 

By dissolving a large quantity of mercury iodide in a saturated solution 
of potassium iodide, a liquid may be obtaiijed which is of so high a density 
that glass will float in it. 

* To obtain good crystals for this purpose it is necessary that they should 
be deposited slowly. Place a little of the mercury iodide in a small 
poicelam cmcible, imbed it in sand on a small sandbath, and heat it over 
an argand burner. While it is getting hot, take a clean slip of glass (an 
ordinary microscopic ‘ slide ’) and heat it carefully over a lamp flame. 
When the mercury iodide in tht crucible begins to volatilise, place the hot 
slip of glass on the,top of the crucible, and leave it for half a minute or so. 
Withdraw it as soon as a slight deposit of crystals has foimed, since if they 
are too crowded the effect is not so good. 
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Weigh out 0-5 gmis. of sulphur and 3 grms. of mercury,, 
place them in a small test-tube and apply heat. As the 
temperature approaches the boiling-point of mercury, a strong 
attion will commence, the sulphur and mercury combining to 
form a black mass of mercury sulphide. Continue heating this 
for half a ririrrute, obsei'ving its volatility, on account of which 
it can be driven about from one part of the tube to another : 
then, after allowing it to cool, detach some of it from the tube 
and grind it to powder in a mortar. Lastly, shake the powder 
out on a sheet of writing-paper, and rub it strongly with the 
pestle. Observe that it changes during the grindrng and rub- 
bing from black to a dull red, leaving a streak of that colour 
upon the paper. The same change, which is due to the black, 
amorphous sulphide becoming crystalline, may be effected by 
a very slow process of sublimation, as in the Chinese method 
of making vermilion. 

If, however, a little vernrilion or cinnabar is heated in an 
ignition-tube it forms a black sublimate of the amorphous 
sulphide. 


Prefitifation of Mercury peroxide. 

This can be prepared by two different processes; either (a) 
by decomposing mercury pernitrate by heat, or [b) by the 
addition of potassium h}'dtate to a solution of a mercury pei- 
salt. The colour of the oxide differs remarkably according to 
the mode in which it is prepared, owing to one variety being 
crystalline, the other amorphous. 

[a) Scrape together tire dry residue of mercury pernitrate 
obtained by evaporation of the solution already made (p. 335) ; 
put it into a small dry test-tube, and heat rt moderately 
strongly. A decomposition will occur ^ exactly like that of 
lead nitrate under similar circumstances (p. 167); orange 
vapours of nitrogen tetroxide will be evolved, and also oxygen ; 
and a residue of mercury peroxide will be left, which is quite 


’ 2 Hg(N03)j«= 2 HgO + 2 NjOi + O2 


z 
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black -while hot, but becomes led as it cools. Do not heat the 
tube to redness, since (as has been proved already, p. 77) 
mercury oxide is itself decomposed into its elements -when 
strongly heated. 

{b) Put a little of the solution of mercury pernitrate into 
a test-tube, and add excess of solution of potassium hydrate. 
A bright yellow precipitate will form, consisting of mercuiy 
peroxide, identical in composition with the red oxide obtained 
in the pievious expeiiment, but amorphous; while the red 
oxide is easily seen to be distinctly crystalline. 


General properties of Mercury salts. 

*1. They are volatile at a temperature belotv redness. 

{(i) Place a small crystal of mercury perchloride (‘ corrosive 
sublimate ’) in an ignition-tube, and heat it gently over the lamp. 
The salt vill fuse, and at a rather higher tempeiature volatilise 
entirely, forming a white crystalline ling in the cool part of the 
tube. 

Obsejve that mercury perchloride melts' oefore volatilising, 
■while mercury protochloride has been proved already (p. 334) 
not to do so. 

*2. Heated with sodium carbonate in an ignition-tube, 
they yield a sublimate of liquid metalUo globules. 

Mix a little mercury perchloride with at least twice as much 
anhydrous sodium carbonate in a mortar, introduce it into an 
ignilion-tube in quantity just sufficient to half fill the bulb, 
and cover it with a layer of the dry sodium carbonate. Wipe 
the tube clean with a twisted strip of blotting-paper, and heat 
it very gently over the lamp. At first, if the substances are not 
perfectly dry, some moisture will be given off, which must 
be absoibed by strips of blotting-paper, befoie a stionger 
heat is applied; otheiwisc it will be difficult to obtain a well- 
defined sublimate. When no more water condenses in the tube, 
increase the heat, until the bulb is neailj' red-hot. A metallic 
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sublimate will foim in the tube, which, when examined with 
a maguifying-glass, will be seen to consist of small, round 
lustrous globules of mercury h 

^3. They are reduced by copper. 

Place a drop of solution of mcicury pei chloride on a stiip 
of copper freshly cleaned with emciy papei. Allow it to 
remain for half a ininyte, and then wash it off. A dull gray 
stain will be left on the copper, which when rubbed with a cloth 
will become bright and silvery. The mercury salt has been 
decomposed, copper chloride being formed, while the mercury 
is deposited on the more electro-negative metal, the copper, 
with which it forms an amalgam. 

If the copper js heated, but not to redness, the bright deposit 
will disappear. 


Conversion of Mercury persalts into protosalta, and 
vice versa. Reduction and Oxidation. 

It has already been shown that by varying certain conditions, 
such as the tempeiaiuie and the proportions of metallic and 
non-metallic radicle, we can cause mercury to show either 
a higher or a lower valency, and form either a persalt or 
a protosalt exclusively. It will be instructive to sec how 
we can change the valency of the mercury-radicle in an 
already-formed salt, thus converting a salt of one series into 
a salt of the other series. Such a change is called an ‘ oxida- 
tion’ or a ‘reduction’ in the most general sense, without 
necessarily implying that oxygen has anything to do with the 
action. To illustrate this we may take the two mercury chlorides 
(which, of course, contain no oxygen whatever) and see how 
they can be formed from each other. 


' Mercury iodide is the only commonly* occurring mercury compound 
which under the above conditions volatilises unreduc^, in spite of the 
superposed layer of sodium caibonate. It maj', of course, be easily identi- 
fied by its colour and its behaviour -when heated alone, p. 336. 


Z 2 
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A. Conversion of a persalt into a protosalt. 

(‘ Reduction.’) ’ 

For this purpose we require to take away from each mole- 
cule of mercury perchloride (HgCk) one-half of the chlorine 
it contains. Tin protochloride is a convenient ‘reducing’ 
agent for effecting this, since it has^ a strong affinity for 
chlorine. 

Put 3 or 4 c.c. of solution of mercury perchloride (the 
Oldinary laboratory solution) into a test-tube, and add one drop 
(not more’) of solution of tin protochloride. 

A white precipitate will form, consisting of mercury proto- 
chloride, which (as has been proved aheady,"p. 334) differs 
from the pei chloride in being insoluble in water. The tin 
protochloride has taken away half the chlorine from the mercury 
salt, becoming itself tin perchloride 4 [Keep the mi.'cture for 
the next expt.] 

B, Conversion of a protosalt into a persalt. 

(‘ Oxidation.’) 

To effect this in the case of mercury protochloride, we have 
to add to each molecule (HgjCIj) just as much chlorine as it 
already contains. This can be best done by using chlorine 
in the ‘nascent’ state when (as already mentioned, p. 239) 
its combining powers are most active: and aqua regia, p. 239, 
is the most convenient source of it. 

Add to the mercuiy protochloride obtained in the last 
expt. about 2 c.c. of strong hydrogen chloride and i c.c. of 
strong hydrogen nitrate ; and apply heat, The white precipi- 
tate will soon disappear, the mercuiy protochloride having 
combined with chlorine to form the perchloride®, which dissolves 
in the water. 


1 If more is added, the reduction will proceed farther, and metallic 
mercury will be thrown down, which is not the present object. 

® 2 Hg CI5, + 30 012“ Clj + Sn CI4 
® HgaClj + Cla“2HgCl2 
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General definition of Oxidation and Reduction. 

Chemical compoimds aie formed by tlie union of radicles, one of 
wihich is more strongly electro-negative than the other or others, 
( 1 . e. appears at the positive elcctiode when the compound is 
decomposed by an electric current) ; and Reduction means the 
process of withdrawing fiom a compound some or all of the 
electio-negative radicle ^vhich is present in it. Oxidation is the 
conveise change, rvb. the addition to a substance of more of an 
clectro-negative radicle than is aheady present in it. 

Distinotive properties of the protosalts and persalts of 
Mercury, 

[For the following experiments the solutions of mercury proto- 
nitiate and mercury permtrate, which have been already prepared 
(PP- 333. 33S). may be used. 

It will be convenient to apply each test successively to the proto- 
salt and the pcrsalt, and to record the lesults in parallel columns 
in the note-book.] 


A. Mercury protosalts. 

*1. With hydy^g’Cn chloride they give a white precipi- 
tate, blackened by ammonia. 

Pour a little of the solution of meicury protonitrate into 
a test-tube, and add a few drops of dilute hydrogen chloiide. 
A white precipitate of mercury piotochloiide will be formed. 

Add to this excess of ammonium hydrate. It will turn black, 
owing to the formation of mercury piotoxide (p. 334 ). 

This reaction distinguishes it from the other two insoluble 
metal-chlorides, zv's. those of silver and lead. 

*2. With hydrogen sulphide they give a black precipi- 
tate at once. 

Test another portion with solution of hydrogen sulphide. 
A black precipitate of mercury protosulphide will be foimed, 

3. With potassium hydrate they give a black precipitate. 

Add to a third jiortion some solfttion of potassium hydrate. 
A black precipitate of mercury piotoxide will be formed, in- 
soluble in excess. 
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B. Mercury persalts. 

[The corresponding tests should be applied to the solution of 
mercury pentitrate in precisely the same way as directed for the 
pi oto salts.] 

1. With, hydrogen chloride they give no precipitate. 

'■2. With hydrogen sulphide they give a precipitate 
■which is at first white, but soon changes to yellow and 
finally black. 

If the hydrogen sulphide is added diop by drop, and the 
liquid shaken, a precipitate will be produced which is at first 
white, but on further addition of hydrogen sulphide becomes 
yellow, brown, and finally black. The cause ,of this charac- 
teristic reaction is, that a combination of mercury persulphide 
and nitrate is first thrown down, which is converted entirely into 
mercuiy persulphide by excess of the piecipitant. 

(a) Pour off a little of the mixture into another tube ; render 
it alkaline with ammonia, add some ammonium sulphide, and 
warm the mixture; the precipitate will remain undissolved. 

This distinguishes mercury sulphide from the sulphides, in- 
soluble in acids, of certain other metals, c. g «iti r sulphide, which 
foim soluble double salts with ammonium sulphide. 

(b) Add to some more of the mercury sulphide a little strong 
hydrogen nitrate, and apply heat. The substance will remain 
undissolved. 

This distinguishes mercuiy sulphide fiom all the other pre- 
cipitated sulphides of this and the following group of metals : 
the latter are decomposed by strong hot hydrogen nitrate, 
forming nitrates which dissolve. Mercury sulphide is, however, 
decomposed by aqua regia, as may Jje proved by adding a few 
drops of hydiogen chloiide to the mixture containing hydrogen 
nitrate. The black precipitate will readily dissolve: mercuiy 
perchloride being formed. 

3. Witb potassiTim hydrate they give a yellow pre- 
cipitate. ' 

This precipitate, as already seen, p. 338, consists of meicury 
peroxide. c 
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3. LEAD. 


[Symbol of atom, Pb (plumbum). 
\\'eight „ 207 hydrogen-atoms.] 


The most impoi taiit^ ore of lead, Galena (lead sulphide), is a 
rather common mineral, having a bright metallic lustre like lead 
itself, but easily distinguishable liom the metal by its brittleness. 
If any of it is at hand, the following experiment may be tried, 
which illustrates the treatment applied to most metallic ores 
before their actual 1 eduction; viz. heating in a current of air to 


conveit them into o.xides (if not so already) and render them 
porous and more easily acted on. This is called ‘ roasting’ 
the ore. 

Put a little finely-powdered galena into the bend of a tube 
of diflkultly-fusible glass about 14 or 15 cm. long, bent to 
an obtuse angle about 4 or 5 cm. 
from one end as shown in fig. 91. 
Hold the tube in the position shown 
in the figure (the long branch being 
inclined upwards so as to act like a 
chimney, and cause a current of air to 
rise through the tube), and heat the 
bend where the powder lies to redness in a Bunsen’s burner; 
taking care that there is lOom for the free passage of air over the 
powder. The oxygen of the heated air will decompose the lead 
sulphide, combining with both its elements and forming lead 
oxide, winch remains in the tube, and sulphur dioxide, which 



goes off as gas and may^be lecognised by its smell and its 
reddening action on a piece of wetted blue litmus-paper held 
close to the upper end of the tube. 

[The density of lead, if not already taken, may be ascei- 
tained by the method given on p. 52; a bullet or .a short strip of 
thick sheet lead being used for the purpose. Pure lead has a 
density of 11-45, rather higher than that of moSt metals, though 
not so high as that of mercury.] 
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Preparation of eomponnds of Lead. ' 

Fornuilii of molecule. 

[Typical examples, — Lead piotoxide, PbO 

„ red oxide, PbaO* 

„ dioxide, PbO, 

„ acetate, Pb(C,H302)2 

„ chromivte, PbCrO^] 

Many of these are manufactured on a large scale for puiposes 
of painting. Some, e.g. lead chromate, owe their value to the 
brilliancy of their coloui ; others, e. . lead protoxide, to their 
property of combining with oils, forming hard compounds 
unalterable by weather. 

1 . Lead protoxide (‘litharge’). 

Cut off from a strip of sheet lead a small piece about the size 
of a grain of wheat, noticing the softness, pliancy, and want of 
elasticity of the metal. Lay it in a cavity cut in a piece of 
charcoal (fig. 68 , p. 102), and direct the hottest part of the 
flame of a blowpipe upon it. It will readily melt, and when 
red-hot it should be removed to the oxidising flame, and the 
blast of air increased in strength. A film of o.xide will form on 
the globule of metal, and will be swept on" Hi}' the aii -current, 
forming a yellow inciustation on the suuounding'charcoal. 

This illustiates the mode in which ‘ litharge ’ is manufactured 
in laige quantities, and also the principle of the piocess of 
‘ cupellation,’ by which silver is separated from lead when 
alloyed with it ; for 'when the alloy is treated in the above way, 
the lead is readily oxidised and separated, while the silver 
remains unaltered on the basin or ‘ cupel.’ 

2. Lead red oxide (‘ red lead ’). 

Mix 2 gnus, of lead protoxide" with half a gramme of 
potassium chlorate, grinding the whole thoroughly together. 
Heat the mixtuie moderately, over a Bunsen's burner, in an iron 
spoon or capsule until all effeivescence due to escape of oxygen 
has ceased, and then allow it to cool. The lead piotoxide will 
under these circumstances combine with moie oxygen, and a 
bright red residue will be obtained, containing ‘ red lead.’ 
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3. Lead dioxide. 

The ‘ red lead ’ obtained in the last experiment does not 
appear to be a vcTy definite chemical compound. In the first 
^lacc the piojioitions of lead and oxygen in it do not appear to 
be constant (see Laus of Chemical Combination in Appendix 
D), and in the next place it can be very easily separated into 
the piotoxidc and the dioxide in the following way. 

Pour some dilute hydrogen nitrate on a little led lead in a 
test-tube, and warm the mixtuie. A chocolate-coloured powder 
will lemain undissolved, which is lead dioxide. In fact, the red 
lead (PbjO^) behaves as if it were a mixture of lead protoxide 
(aPbO), uhich is acted on by the acid with foimation of 
soluble lead nUrate, and lead dioxide (Pb O,) which is unacted 
on by dilute hydrogen nitrate. 

4. Lead acetate (‘ sugar of lead ’). 

Place 2 gnus, of lead protoxide in a test-tube, add 5 c.c. of 
hydrogen acetate, and heat the mixture to boiling. The oxide 
will be readily acted upon with formation of lead acetate', which 
will dissolve. Dilute the solution with an equal volume of 
water, filter it fiom any slight residue, and keep it for use in 
subsequent expe'ime'nts. 

6. Lead basic acetate. 

Lead acetate shows a tendency to combine with one or moi e 
molecules of the protoxide forming soluble basic acetates. Which 
are employed in medicine and also (as will be shortly explained) 
in the manufacture of ‘ white lead ’ for paint. 

Pour about half of the solution of lead acetate just made into 
a small beaker, add 2 gims. of lead protoxide, and boil the 
mixture for three or four minutes. A large portion of the 
oxide will dissolve with , formation of lead basic acetate’'. 
Filter the liquid into a teist-tube, obseivc the strong alkaline 
reaction of the solution, and use it in the next experiment. 

e. Lead carbonate (‘ white lead ’). 

This is a very valuable white paint, and is usually made by 

‘ PbO + 3 H(C„H 303 ) = H3O + Pb(cj-I,Ot)a 
' Pb(C,H,Oj), + 2 PbO » Pb:,(QH 3 . 0 .j).Oi 
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the action of carbon dioxide on lead basic acetate. One process 
for making it may be illustrated as follows. Take the test-tube 
containing the solution of lead basic acetate made in the last 
experiment, and blow air through the liquid by means of a 
long-branched elbow-tube. The solution will shortly become 
turbid, the carbon dioxide of the breath combining with lead 
oxide from the basic acetate to form lead caibonate, which is 
precipitated h Neutial lead acetate remains in solution; and in 
the actual manufacture of the paint this is employed to dissolve 
more lead oxide, and the lesulting basic acetate is decomposed 
by caibon dioxide as before. Thus only a small quantity of 
lead acetate is lequiied to make an indefinitely large quantity of 
white lead. (Compaie the action of the nitrogen oxides in the 
manufircture of sulphuric acid.) 

7. Lead chromate (‘ chrome yellow ’). 

Dilute a few diops of the solution of lead acetate with 5 or 
6 c.c. of water, and add some solution of potassium chromate. 
A bright yellow precipitate will be foimed, consisting of lead 
chi ornate ; a most effective yellow paint, though, like other lead 
compounds, liable to alteiation if exposed to coal-gas or smoke. 

[If the precipitate is allowed to subside fwhij;[i it will quickly do 
on being warmed), the liquid decanted oft', 10 or 12 c.c. of lime- 
water added, and the mixture heated to boiling, the yellow colour 
will change to a blight led, owing to the formation of a basic lead 
chromate, which is used as a paint under the name of ‘ chrome- 
red.’] 

Properties of salts of Lead. 

[The solution of lead acetate already made, diluted with 20 c.c. of 
water (or the oidinary laboratory solution of the salt), may be used.] 

*1. Their solutions (if strong), tested with hydrogen, ohlo- 
ride, give a white precipitate, luXaltered by ammonia. 

Add a few drops of dilute hydrogen chloride to some of the 
solution of lead acetate. A white crystalline precipitate of lead 
chloride will be formed, insoluble in excess of the strong acid". 

' Pb,;C.,H„03),02 + 3 COjT Pb(CjHjOj\ + 2 Pb CO3 

' A large excess'of dilute hydrogen chlonde-ivill dissolve it, the effect 
being due, however, not to the action of the acid, but to the action of 
the water, as in {a]. 
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Divide the fluid containing the precipitate in suspension into 
tlirce portions, and test them as follows : — 

{a) Add to the first portion three or four times its volume of 
water. The precipitate will gradually redissolve. Owing to this 
soIubiliU in water, it is not foimed at all in weak solutions 
of lead salts. 

(I/) Heat the second poition to boiling. It will in this case 
also ledissolve, but will be reprecipitated as the solution cools, 
in snow-like flakes, which, when e.xamined by a magnifier, w'ill 
be seen to consist of groups of slender prisms. 

(c) To the last portion add ammonia. The precipitate will 
not dissolve or alter in colour ; being distinguished by this 
pi'Opert}’ from Silver and mercury chlorides. 

*2. With hydi’ogen sulphide they give a black pre- 
cipitate. 

Test another portion of the solution of lead acetate with 
solution of hydrogen sulphide. A black precipitate of lead 
sulphide will be produced, insoluble in cold dilute hydrogen 
chloride, but decomposed on berng boiled with excess of the 
strong acid. It ’litu be remembered that this property of lead, , 
of forming a black compound with sulphur, furnrshed a very 
delicate test of the presence of a strlphide (p. 272). 

[To show the delicacy of this test, mix one drop of the solution 
of lead acetate with 200 c.c. of water, and add a few drops of solu- 
tiorr of hydrogen sulphide. The liquid will acquire a distinct brawn 
tinge, best seen by placing a sheet of white paper under the beaker 
or test-tube, and looking down through it. 

This reaction is useful for detecting the presence of lead in drink- 
ing water. In applying it, tibe water should be previously acidified 
with hydrogen acetate, to prevent any compounds of iron (which 
may be present) from interfering with the test.] 

It is owing to this action of sulphides that all paints con- 
sisting of, or containing, compounds of lead are so liable to 
turn brown or black when exposed to air containing smoke or 
coal gas. , 



348 


LEAD. 


* 3 . With hydrogen sulphate they give a ■white pre- 
cipitate. 

Test another portion of lead acetate with dilute hydrogen 
sulphate. A -white precipitate of lead sulphate will be formecT, 
insoluble in excess of the acid, but readily decomposed and 
dissolved if wanned with solution of ammonium acetate^. 

[Since lead sulphate is slightly soluble in" hydrogen chloride, the 
best method of applying this test is as follows ; — 

* Make a veiy dilute solution of lead acetate by mixing 5 c.c. of 
water with two drops of the ordinary solution, and add two or three 
drops of ammonia. This will produce a white piecipitate of lead 
hydrate. N ow add to the liquid excess of dilute hydrogen sulphate ; 
this will decompose the hydrate, foiming lead sulphate, which will 
remain uiidissolved. 

It is always less easy to dissolve a precipitate than to prevent its 
formation.] 

*4. With potassium chromate they give a yellow pre- 
cipitate. 

This has been already shown, p. 346. 

’•'6. Reduced before the blowpipe on charcoal they yield 
a malleable bead, aud yellow incruBtatwer. 

l\rix a little lead acetate with about twice as much potassium 
cyanide, and heat the mixture on charcoal as directed in expt. 2, 
p. 103. A metallic bead will be obtained, the malleability of 
which should be tested as there diiected; and the surrounding 
parts of the charcoal will be covered with a light yellowish 
incrustation of lead oxide. 

Additional Experiments. 

1. Action of water on lead. 

Fill two test-tubes, one half-full of distilled water, the other half- 


^ This may be m.ade, if none is at hand, by putting about 3 c.c. of 
solution of ammonia into a test-tube, and adding hydrogen acetate until 
the liquid smells of it and is acid to test-paper. 

If the solutions are made of the strengths indicated in Appendix B. I, 
you have simply to mix e^i/a/ volumes of each, as explained at the 
beginning of that Appendix. 
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full of common hard spring water', and immerse in each a strip of 
lead, cleaned by sci aping it with a knife. After the lapse of an 
hour 01 less, a sli^it white piecipitate will be formed in the test- 
^ube containing the distilled water, and in the course of a day 
some quantity of this jirecipitate will have been collected ; while in 
the test-tube containing the common hard water there will be little 
or no perceptible action. 

The leason is this t—The oxygen dissolved in the water attacks 
the lead, foiming lead oxide, which (like calcium oxide, p. 66) com- 
bines with water, foiming lead hydrate. This latter dissolves in the 
water, but is to some extent precipitated as carbonate by its com- 
bination with the carbon dioxide present in water. If, however, the 
w.atcr contains sulphates and carbonates (as common haid water 
does, p. 75), these form a crust of insoluble lead sulphate and 
carbonate which protect the lead from corrosion. 

The presence of lead in solution in the test-tube containing the 
distilled water should be proved by applying to it test 2, p. 347. 

2. Precipitation of lead from its compounds by zino. 

This depends upon the supeiior affinity of zinc for the radicle 
combined with the lead ; and the action, once begun, is aided by the 
galvanic ciiirent set up between the zinc and the poitions of lead 
fit St tin own down (compare the reduction of silver by zinc, p. 320), 

Make a solution of lead acetate by dissolving 10 grms. of the salt 
in 200 c.c. of watefy ith addition of a few drops of hydiogen acetate. 
Place the filtered solution in a wide-mouthed bottle (a small gas 
bottle will do), and suspend in it. a strip of thick sheet zinc, or, 
better, a tod of the metal about as large as a pencil A short piece 
of glass tubing should be laid across the mouth of the bottle, from 
which the zinc may be suspended by a piece of string, so that it 
may not touch the bottom of the bottle. Leave the whole undis- 
tuibed for twelve or fourteen hours ; the rod of zinc will soon be 
covered with thin brilliant plates of pine metallic lead (the sp-called 
‘ Lead Tree ’), while a proportional quantity of zinc is dissolved. 
This IS a good illustration^ of the replacement of one metal by 
another in a combination ; and, if we asceitained the weight of zinc 


‘ If none of this is at hand, add i c.c. of solution of calcuiin sulphate 
to 10 c.c. of lain water and use it in the expt. 

“ As the shape of the rod is immaterial, it may be easily made by 
melting some zinc m a ladle, and castings it in a shallow tiough formed 
by piessing a thick pencil or a piece of glass tube into a mass of fine slightly- 
moistened sand, or clay ; or it may be cast in a groove cut lu a piece of soft 
brick. 
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dissolved and the weight of lead deposited, we should find that the 
fomier weight was to the latter as 65 : 207, numbeis which are the 
accepted weights of the atoms of zinc and lead respectively. 

In a day or two the whole of the lead will have been withdrawn 
from the solution, which may then be examined by test 3 , p. 348, 
to piove the absence of lead. 


G-roitp II. 

Metals which are separated from solutions containing 
hydrogen chloride toy hydi-ogen sulphide. 

Mercury (divalent), Lead, Copper, Cadmium, Bismuth, 
Arsenic, Antimony, Tin, Gold, Platinum. 

1 . COPPER. 

[Symbol of atom, Cu (cuprum). 

Weight „ 63-5 hydrogen-atoms.] 

[If any of the ordinary otes of copper, such as Copper Pyrites 
(copper-iron sulphide) and Malachite (copper carbonate) are at 
hand, their general characters should be noted, and after the tests 
for compounds of copper have been learnt, therminerals may be 
examined to prove that they contain the metal. The process of 
copper smelting is a lather complicated one : the principles of it 
should be carefully studied in a text-book.] 

Preparation of Compounds of Copper. 

Formula of 
molecule. 

[Typical examples, — Copper oxide, CuO 

„ nitrate, Cu(N05)^ 

„ sulphate, CuSOJ 
1 . Copper nitrate. '' 

Dissolve I gim. of fine copper wire in about 5 c.c. of strong 
hydrogen nitiate diluted with half its volume of water, heating 
the tube gently if the action becomes slow. Red vapours of 
nitrogen teti oxide will be seen above the liquid (the chemical 
action has been already explained, p. 172), and a blue solution 
of copper nitiate will be obtained. Pour nearly all the solution 
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into a small clibh, reserving five or six drops for use in expt. 2 
and evaporate it to perfect dryness. The residue will be wanted 
for use in expt. 2 h 
<2. Copper oxide. 

(a) By the direct combination of oxygen with copper, 
when heated. 

Clean a stiip of sheet copper with emery paper, and hold it 
in the upper paU of the flame of a Bunsen’s burner. As it gets 
hot, brilliant-colouied films of copper oxide will form on it, 
where it is e.xposed to the current of hot air rising with the 
flame h Finally, when it has been heated to redness for a 
minute (best in the flame of a Herapath’s blowpipe, or in a fire), 
so as to form a thick black coating of the oxide, plunge it into 
a beakei of colS water, when the oxide will detach itself in scales 
(since it does not contract, as the temperature falls, in the same 
degree as the metal), and the surface of the metal will show the 
chaiacteristic icd colour of copper. 

(/;) By the decomposition, of copper nitrate by heat/ 

Take the dish containing the residue of copper nitrate 
obtained in expt. i, and heat it over a Bunsen’s burner, gently 
at first (moving it_,tvbout in the flame lest it should crack), and 
finally as strongly as possible. Oiange vapours of nitrogen 
tetroxide will be given off, together with some oxygen, and 
a black residue of copper oxide will be left. The reaction is 
quite analogous to the decomposition of lead nitrate (p. 167) 
and mercury nitrate (p. 337) under similar circumstances, 

(c) By gently heating copper hydrate. 

Take the remainder of the solution of copper nitrate obtained 
in expt. r, dilute it with a little water, and add excess of 
solution of potassium' hydrate. A light blue precipitate of 

9 

^ Observe that not only does the part of the copper which is actually 
immersed in the flame remain bright, but when the blackened part is 
brought into the middle of the flame the oxide is reduced and the bright 
red metal reappears. In fact, by holding the strip edgeways in the flame 
we get a good section of the oxidising and reducing parts. 

The iridescence of the films of coppei oxMe which aie fust foimed is due 
to tlie interference of the rays of light reflected from the upper and under 
surfaces of the him respectively : due to the some cause, in fact, as the 
colours of a soap bubble. ^ 
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copper hydrate (CuHjOj) will be produced. Now heat the 
contents of the tube to boiling; the precipitate will turn black, 
being decomposed into copper oxide and water h 
3. Copper sulphate {‘blue vitriol’). 

A method of preparing this, the commonest and most im- 
portant salt of copper, has been desetibed already, p. 288. A 
solution of the salt will be wanted in several of the following 
expts., and should be made by dissolving 2-5 gims. of it in 
40 c.c. of water, and diluting to go c.c. 

Reduction of compounds of Copper. 

1. Reduction of copper oxide to tho suboxide. 

Copper, like mercury, forms a seties of compounds in which 
its atom is only monovalent. These, which are known by the 
name of ‘sub-salts,’ are comparatively unimportant; and the 
suboxide (CiuO) is the only one which will be noticed here. It 
is made by taking away from two molecules of the oxide 
(aCuO, or CitjO,^) one-half the oxygen they contain, and giape 
sugar is the most convenient reducing agent for the purpose. 

Dissolve a small lump (about the size of a pea) of grape sugar 
in 5 c.c. of water ; flltei the liquid, if necessary, and add to it a 
drop or two of the solution of copper sulphate. If solution of 
potassium hydrate be now added, no precipitate of coppei 
hydrate will be foimed, or if formed (owing to the grape sugar 
not being present in sufficient quantity) it will be redissolved on 
addition of more potassium hydrate. The reason is that grape 
sugar forms a soluble compound with copper hydrate (the exact 
nature of which, however, has not yet been made out with 
certainty). 

Now heat the clear daik-blue fluid gradually to boiling; 
a yellow precipitate will soon appeal, consisting of copper sub- 
hydiate (CuHO); and this, as the temperatuie approaches the 
boiling-point, will turn red, being decomposed into copper 
suboxide and waters 


* CviHoOa = CuO + H,0 
2 CuflO = CunO -I- H,0 
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The reducing action of the grape sugar is due (as in the 
case of the tartiates, p. 323) to the carbon and hydrogen in it; 
both of tliese take Troni the copper hydrate pait of the oxygen 
it'contains. 

2. Beduction of copper oxide to metallio copper. 

All organic substances effect this when strongly heated with 
it; in fact, the usual process of analysis of an organic sub- 
stance (such' as sugar, wax, acetates, tartiates, &c.) consists in 
heating to redness a known weight of the substance with 
copper oxide. The oxygen of the latter unites with the caibon 
and hydrogen of the substance to form carbon dioxide and 
water, which are collected and weighed. The piinciple of the 
process may bepllustrated on a small scale as follows. 

{a) Mix a small quantity of copper oxide (as much as will lie 
on the end of a spatula) intimately with about an equal quantity 
of sodium acetate in a mortar; fill the bulb of an ignition-tube 
with the mixture and heat it, gently at first, finally to redness. 
Carbon dioxide and water will be given off, and a residue of 
metallic copper, recognised by its dull red colour, w ill remain in 
the bulb. 

(i) Place a small quantity of copper oxide in the bend of a 
tube shaped like that shown in fig. 91, p. 343; connect the 
longer branch of the tube with the gas-supply; pass a gentle 
stream of coal-gas over the o.xide, and heat the latter to low 
redness. It will glow brightly as its oxygen unites with the 
carbon and hydrogen of the gas. Allow the tube to cool 
(continuing a slow stream of gas until the tempeiature falls 
decidedly below redness): the red powder of metallic copper 
may then be shaken out and examined. 

3. Beduction of copper sulphate by iron, with forma- 
tion of metallic copper. 

Pour a little of the solution of copper sulphate into a 
test-tube, and dip into it a strip of sheet iron cleaned with 
emery paper, or the blade of a knife. Metallic copper will be 
thrown down on the surface of the iron, while the latter is slowly 
dissolved, taking the place of the copper in the solution. Com- 
pare the action of zinc on lead acetate, p. 349. 


A a 
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4. Beductlon. of copper salts by electricity. 

Copper is one of the metals most easily reduced by elec- 
tricity, and an experiment illustrating this'^ has already been 
made, p. 79. An account of the process of electrotypin'g, 
which is now applied to very numerous purposes', is given on 
P- 355 - 

Tests for Salts of Copper. 

[The solution of copper sulphate, already made, can be used.] 

*1. Their solutions, -when mixed with hydrogen sul- 
phide, give a black precipitate, insoluble in dilute acids 
and in potassium hydrate. 

Acidify a portion of the solution of copper sulphate with 
hydrogen chloride, and add solution of hydiogen sulphide. A 
black precipitate will be formed, consisting of copper sulphide, 
which is insoluble in the excess of liydrogen chloride present. 
Add to it excess of solution of potassium hydrate, and warm it. 
The precipitate will remain undissolved : this distinguishes it 
from the black sulphides of tin, gold, and platinum, which 
dissolve under similar circumstances. 

*2. With potassium ferrocyanide they give a reddish- 
brown precipitate. 

This should be tried with only one drop of the solution of 
copper sulphate, diluted with g c.c. of water, in order that the 
delicacy of the test may be obseived. 

*8. With ammonia they give a light blue precipitate, 
soluble in excess, forming a blue solution. 

To another portion add one drop of solution of ammonia. 
A light blue precipitate will be formed of copper hydrate, which 
will readily dissolve on addition of a few more drops of am- 
monia, and a deep blue solution ’will be obtained. This con- 
tains cuprammonium sulphate, a salt in which part of the 
h3'drogen in the radicle ammonium is replaced by copper, as 
shown in its formula '(H5CuNj)S04. 

r 

* All the engravings in this book are printed from electrotype copies of 
the original woo'd-cuts, and not from the box-wood blocks themselves. 
Many books are now printed, not from the type, bat fiom copper ‘stereo- 
type ’ plates, produced by the electrotype process. 
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4. They impart, when volatilised, a green colour to 
flame. 

Put a drop or t\\'o of strong hydrogen clrloride into a watch- 
giass, dip into it the end of a, piece of copper wire, and hold 
the latter in the flame of a Bunsen's burner. The copper 
chloride \vhi( li has been formed will volatilise in the flame and 
give it a bright bluish g^reeii colour. 

*6. Heated with borax, they give a bead which is 
greenish-blue in the oxidising flame, red and opaque in 
the reducing flame. 

Make a borax bead, add to it a trace of copper sulphate, and 
heat it in the oxidising flame of the blowpipe. The bead will 
be coloured grepn while hot, becoming blue as it cools. After 
being heated in the i educing flame, with addition of a little 
more copper sulphate, it will appear red by reflected light, 
owing to the presence of suspended particles of copper. 

6. Heated on charcoal with potassium cyanide they 
give grains of metallic copper. 

Mix a minute quantity of copper sulphate with about as 
much potassium cyanide, and heat it on charcoal befoie the 
blowpipe flame. You will obtain small grains of metallic 
copper, but the heat of the blowpipe flame will be scarcely 
sufficient to fuse these into one globule. They will be better 
seen if the fused mass is placed in a mot tar and washed with 
water until the soluble salts are dissolved ; the red metallic 
particles may then be readily distinguished with a magnifier. 


Additional Experiment. 

Method of obtaining Electrotypes. 

When a current of electricity is sent through a solution of a salt 
of copper, the metal is deposited upon the negative electrode (i. e. 
upon that which is connected with the zinc plate of the battery), 
and since it is deposited molecule by molecule, the particles form a 
film which adheies very closely to, and is an exact copy of, the 
electrode itself. In order, therefore, to obtain a copy of a seal or 
medal, a ‘mould’ or reversed impression mugt be first obtained, 
which is placed as the negative electrode in a solution of copper 

A a 2 
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sulphate, and the current is kept up until a sufficiently thick film 
of copper is deposited. 

To obtain the current it will not be necessary- to employ a separate 
battery. A ‘ single-cell ’ apparatus, arranged as directed below, will 
answer perfectly : the mould itself foiming the negative plate of the 
battery 

[Solutions required ; — 

Saturated solution of copper sulphate (350 grms. of the salt dis- 
solved in I litre of water ; 20 c.c. of hydrogen sulphate added). 

Solution of ammonium chloride (60 grms. dissolved in 300 c.c. of 
water). 

If the zinc is amalgamated (see under zinc), it is preferable to 
use dilute hydrogen sulphate (ao c.c. of the strong acid mixed with 
250 c.c. of water) instead of the above solution of ammonium 
chloride.] “ 

1 . Preparation of the mould. 

For seals nothing is better than good sealing-wax. Some of this 
should be melted on a card held at some height above a lamp-flame, 
and continually stirred with the end of the stick of wax until 
sufficient has been melted to form a thick circular lump rather 
smaller than the seal to be copied. After breathing upon the seal, 
bring it down with gentle pressure upon the wax, increasing the 
pressure as the wax gets cold and hard. It is best not to remove the 
seal until the wax is quite hard, otherwise the mould may lose its 
flatness. The card should next be cut away carefully close to the 
edges of the wax, and a copper wire (about No. 20 wire-gauge) 
30 cm. long should be attached to the margin of the mould by 
heating it and pressing it into the wax near (but not touching) the 
edge of the impression. The wire must not be completely buried 
in the wax, and the exposed part should be scraped clean with a 
knife. 

For a medal, plaster of Paris will answer vexy well, and the 
mould may be made according to the directions given under 
CALCIUM, being thoroughly saturated with wax in the manner 
there described. The end of a piece of copper wire, about 40 cm. 
long, should be passed round the rim and fastened by twisting to 
the main portion of the wire, so as to grasp the mould securely in 
a loop. 

Since wax is a non-conductor of electricity the surface of the 


’ For a fuller explanation of the principles of electrolysis a text-book 
on Electneity must be consulted. 
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movild must be rendered conductive by covering it with a thin film 
of graphite (the ordinary plumbago or black-lead). For this purpose 
it should be laid face upwards on a sheet of paper and brushed 
qyer with some of the best plumbago ' : being lightly breathed upon 
occasionally to promote the adhesion of the substance. If the 
plumbago does not adhere well, hold the face of the mould, for a few 
seconds only, just over the surface of a little alcohol (previously 
warmed) placed in a wi^tch-glass. The vapour will soften the wax 
and enable the plumbago to stick to it. The brush should be 
worked with quick circular strokes into all the crevices of the 
mould, until eveiy part of it shows a metallic lustre when looked at 
obliquely. An extremely thin film is all that is required, but it must 
be continuous. A little plumbago must be brushed over the wire 
where it is attached to the mould, to make a good connexion 
throughout. Lastly, the edges of the mould outside the wire, and 
about 10 or 12 cm. of the wire itself, must be varnished with ‘ black 
japan’ 01 some other thick varnish-, to pievent the deposition of 
copper upon them when immersed in the solution. 

[If the mould is of fusible metal (seep. 362) a poition of its edge 
should be moistened with solution of aminoniuin chloride and a 
clean piece of copper wire heated and pressed against it until 
completely imbedded. The back and edges of the mould must be 
thickly varnished to prevent deposit of metal upon them ; and it is 
advisable to brush a trace of black-lead over the impression to 
prevent too close adhesion of the deposit.] 

2. Construction of the apparatus. 

Place a small jar of porous earthenware about 14 or 15 cm. high 
and 4 cm. in diameter in a wider jar of glass or china about ii or 
12 cm. in diameter and the same or rather more in height”. Put 
into the porous cell a rod of zinc about 18 or 20 cm. long, and at 


' Gooil stove bl.ick-lend will generolly servo the purpose : but it is bc.st 
to obtain n little pure plumbago from a chemist or optician. A soft tooth 
brush or plate brush answers w«ll for applying it. 

^ .Sealing-wax varnish may be made by jjowdering to grins, of black 
sealing-wax, and digesting it at a gentle heat (best applied by a pan of hot 
water) with I o c.c. of methylated spirit, stirring occasionally 

“ For the- porous cell, a common flower-pot, though unnecessarily wide, 
answers well, the hole at the bottom being stopped with a cork. 

For the wider jar nothing is better than the lower part of a large 
common green glass bottle, the neck being cut off by the method given 
on p. 42. . 

A preserve jar or gallipot wdll answer, but the solution is apt to penetrate 
the glaze, unless the material is stoneware. , 
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least as thick as a pencil Hang the mould in the outer jar by 
bending the wire round the rim of the jar as shown in fig. 92, the 

beud being made thus : 




Fig. 92. 


otherwise the solution 
may creep up between 
the wire and the side by capillary 
action, and overflow. The other 
end of thf wire should be twisted 
firmly round the zinc rod, so as 
to support it in the porous cell. 

Lastly, fill the porous cell 
about three-fourths full of the 
solution of ammonium chloride 
(or, if the zinc is amalgamated, 
of dilute hydrogen sulphate) *, 
and the outer jar to the same 
level with the solution of copper 
sulphate. 

In the course of a minute a bright deposit of copper will be seen 
spreading over the mould. If it does not appear, there must be 
a break in the conducting surface, and the mould must at once be 
taken out, dried, and blackleaded with more care. When all is 
going on well, hang a small muslin bag containing crystals of copper 
sulphate just below the top of the solution in the outer jar, tying it 
to a glass rod laid across the jar: and leave the whole undisturbed 
for about a day, e.xamining it occasionally to see that the deposit is 
forming regularly on the mould. The latter should not, however, 
remain out of the solution for more than half a minute, lest it should 
tarnish and the subsequent deposit fail to adhere to it®. 

The defects which are most liable to occur are — 

I. Gas given off at the surface of the mould, a7id a sandy, dull- 
red, non-adherent deposit of metal. 

This is caused by the current being too strong in proportion 
to the strength of the copper sulphatq solution. The remedy will 


'■ This may be cast in the manner described on p. 349, note. 

“ If the mould is small, it will be advisable to use a much weaker solu- 
tion of ammonium chloride (or acid) (the strong solution diluted with an 
equal volume of water), at any rate for the first half-hour, or until the 
impression is completely covered with copper. 

’ A black deposit forms upon the zinc, and should be occasionally 
brushed off. It consists of copper, and is due to the copper sulphate slowly 
diffusing into the porous^ cell, and being reduced by the zinc. 
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be to i)our off about two-thirds of the solution of ammonium 
chloride (or acid) in the porous cell and add an equal volume of 
plain water to the remainder. The solution of copper sulphate 
must be kept fully saturated, fresh crystals being placed in the bag 
as the others dissolve. , 

2. The deposit forms very slowly ; its surface being rough and 
b> idling with ciystals of copper. 

This is due to the current of electricity not being strong enough ; 
the action of the solutioh of ammonium chloride on the zinc having 
slackened. The spent solution must be poured away, and the porous 
cell filled up with fresh solution of the same salt (or acid). The 
same deficient action occurs in cold weather, and the apparatus 
should be kept in a warm room. 

When the conditions are right, the deposit appears of a bright 
pink colour, rvith an even surface, and tough in texture. 

In about 24 hours a sufficiently thick film of metal will have been 
deposited, and the mould may be taken out and the copy detached 
from it by pulling the two apart very carefully. If there is much 
difficulty m separating them, the point of a knife may be inserted at 
the edges, and the copper film heated for a moment over a lamp. 

The thin, fiagile deposit should next be strengthened by backing 
it up with tin. To do tiiis, moisten the back of it with solution of 
ammonium chloride, lay it face downwaids on a piece of wire-gauze, 
and heat it over a lamp. When the ammonium chloride begins to 
volatilise in white fumes, press upon the surface the end of a strip of 
metallic tin (or, better, soft solder). This will melt and spread all 
over the copper ; enough should be applied to make a layer at least 
I mm. thick. 

Lastly, the edges should be trimmed by cutting away all super- 
fluous copper, and smoothing irregularities with a file. 

If the object is a medal, an electrotype of each side maybe taken, 
and the two placed back to back and soldered together (or simply 
cemented by shellac) so as to reproduce the original. 

If a copy of a seal has been taken, it maybe soldered to the head 
of a brass screw, and the latter inserted into a wooden handle such 
as those which are sold for bradawls. 

[A rather preferable method of depositing copper is to employ 
a separate battery, such as a single cell of Smee’s battery ; the 
mould being connected with the zinc^and a thick strip of copper 
with the platinised silver of the battery. Both should then be im- 
mersed in a jar containing a solution of copper siJlphate (150 grins. 
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dissolved in l litre of water ; 30 c.c. of hydrogen sulphate added). 
No addition of crystals of copper sulphate should be made: the 
copper being dissolved from the positive electrode (the strip of 
copper) as fast as it is deposited on the negative electrode (tlye 
mould).] 


2. CADMITTM. 

r 

[Symbol of atom, Cd. 

Weight „ 1 12 hydrogen-atoms.] 

This metal much resembles zinc in its physical, though not 
in its chemical, properties. It is, however, more volatile than 
zinc ; and if any of it is at hand, its volatility may be proved by 
heating a small fragment in an ignition-tube to full redness. 
A portion of the metal, as it becomes vapour, will combine 
with the oxygen of the air in the bulb and form a reddish-brown 
sublimate of cadmium oxide in the tube, but below this bright 
drops of metallic cadmium will condense, as the heat is con- 
tinued and increased. 

Owing to this volatility the density of cadmium vapour has 
been determined, and hence the tveight of the molecule of 
cadmium is known with more certainty than in the case of the 
great majority of metals. 

Compounds of Cadmium. 

Formula of 
molecule 

[Typical examples, — Cadmium oxide, CdO 

„ sulphide, CdS 

„ sulphate, CdSOJ 

[In some of the following experiments a solution of cadmium 
sulphate, containing i grm. of the salCin 25 c.c. of water, will be 
required.] 

Preparation of Cadminm Bulphide. 

Add to a portion of the solution of cadmium sulphate some 
solution of hydrogen sulphide. A bright yellow precipitate of 
cadmium sulphide will be produced, which is used as a paint, 
and has the advantage of great permanency ; not being, for 
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instance, blackened by sulphides, like lead chromate, or volatile, 
like arsenic sulphide. 

[Keep the contents of the test-tube for further examination.] 

« 

Tests for Salts of Cadmium. 

" 1 . Their solutions, when tested with hydrogen sul- 
phide, give a yellow precipitate, insoluble in potassium 
hydrate and ammonium sulphide. 

Add to the yellow precipitate obtained in the last expt. 
excess of solution of potassium h3’drate, and warm the mixture. 
The precipitate will remain unaltered, differing in this respect 
from the two other 3’ellow metal-sulphides, those of arsenic and 
tin, which are dissolved under the same circumstances. 

*2. With ammonia they give a white precipitate, soluble 
in exoess ; this solutiou yields a yellow precipitate on 
addition of hydrogen sulphide. 

Add a diop of ammonia to a portion of the solution of 
cadmium sulphate. A white precipitate of cadmium hydiaie 
will be formed, which will readily dissolve on addition of more 
ammonia. Add to the clear solution some hydrogen sulphide. 
A 3’ellow precipitate will be formed, of cadmium sulphide, since 
the latter is insoluble in ammonia and ammonium sulphide. 

*3. Reduced on charcoal they give a reddish-brown 
incrustation. 

Mix a small quantity of cadmium sulphate with an equal 
amount of potassium cyanide, and heat it on charcoal before 
the blowpipe. No metallic globule will be obtained, owing to 
the volatility of cadmium, but the surface of the charcoal will 
he covered with a characteristic reddish-brown coating of 
cadmium oxide. 


8. BISMUTH. 

[Symbol of atom, Bi. 

Weight „ 210 Ijydrogen-atoms.] 

Bismuth is, unlike most metals, very brittle and easily emshed. 
Place a small piece of bismuth in a strong porcelain mortar, 
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and strike it with the pestle. It will not spread out, as lead 
does, into a thin plate, but will break into fiagments. Notice 
the crystalline structure of the freshly-broken- surfaces, and then 
grind about i grm. of the metal to fine powder for use in a 
future expel iment. 

Preparation of ‘ Pusible metal.’ 

Although bismuth itself only melts at a temperature of 260°, 
yet an alloy of it with tin (melting-point 230'^) and lead (melting- 
point 330'’) fuses below the temperature of boiling water, 
viz. at 98°. 

Weigh out 4 grms. of bismuth, 2 grms. of lead, and 2 grms. 
of tin. Melt the bismuth in a clean iron spoon, and add to it 
the lead and the tin, stirring the melted alloy with a glass rod 
or piece of iron wire. Pour it out on a clean iron plate or on 
a tile, and allow it to cool. 

Meanwhile, heat some rvater in a large test-tube, and when 
it is boiling put into it a piece of the alloy suspended in a loop 
of thread. It will readily melt, and drop off the thread. 

A still more fusible alloy is made by adding i grm. of cad- 
mium to the above ingiedients. This melts at a tempeiature 
of 80° or a little below. 

[Since the above alloy expands in solidifying, it is well adapted for 
taking casts of seals, medals, &c., for electrotyping. For this pur- 
pose, some of it should be melted and poured out on a clean plate. 
The edge of a card should be lightly drawn over its surface, to 
remove dross, and the moment it is obseived to become pasty the 
seal should be brought down quickly upon it. A little practice will 
be required to hit the exact moment for applying the seal.] 

Preparation of Compounds of Bismutb. 

Formula of molecule. 

[Typical examples, — Bismuth nitrate, Di(N03)5 

„ basic nitrate, BiH202(N0s) 

„ chloride, Bi CI3 

basic chloride, BiOCl] 

1. Bismutb nitrate. 

Dissolve I grm. of finely-powdered bismuth in 5 c.c. of 
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hydrogen nitrate diluted with s c.c. of water. The chemical 
action is similar to tliat which occurs in the case of copper, 
already explained.' When the metal has dissolved, which it will 
feadily do, adtl an equal volume (not more) of water and keep 
the solution for experiments. 

2. Bismuth basic nitrate. 

Most salts of bismuth are readily acted on by water with for- 
mation of ‘ basic salts ’ ; the general character of the action 
being that the hydrogen of the water withdraws some of the 
electro-negative radicle (e.g. the nitrate), while the oxygen of 
the water takes the place of this radicle in the salt. The 
result of this withdrawal of part of the ‘ acid ' radicle is to 
cause a preponderance of the ‘ basic ’ or metallic radicle in the 
compound : hence the name by which such salts are usually 
known. 

Pour si.x or eight drops of the solution of bismuth nitrate into 
a test-tube, and add eight or ten times its volume of water. The 
solution will gradually become cloudy, and deposit a white pre- 
cipitate of bismuth basic nitrate 

This salt, under the name of ‘subnitiate’ or ‘oxynitrate’ of 
bismuth, is of some importance in medicine and as a paint. 

[If the solution of bismuth nitrate contains a great excess of acid, 
the decomposition is delayed or prevented. In this case it will be 
best to evaporate a little of the solution to half its bulk, and then 
add water as above directed.] 

3. Bismuth basic chloride (or ‘ oxychloride ’). 

Bismuth chloride (whicli is readily formed by the addition 
of liydrogen cliloride to a salt of bismuth) is much more easily 
decomposed by water than the nitrate : and the reaction forms 
a very characteristic test, for the presence of bismulli in a 
solution. 

To another small portion of the solution add one diop of dilute 
hydrogen chloride, and then a large quantity of water, as above. 

* Bi(N 03)3 + 3 H3O = BiHoOjCNO,) + 3 HNO3 
It is to be observed that some of the hydrogen of the water, ns well as 
the oxygen, takes a place in the basic salt. 
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The liquid will at once turn milky, owing to the formation of 
bismuth oxychloride 

[Reserve the contents of the tube for further examination.] 

Tests for compounds of Bismuth. 

*1. Their solutions, when mixed with hydrogen chloride 
and diluted with water, give a white precipitate, soluble 
in excess of acid, but insoluble in tartrates. 

Take the test-tube containing the precipitate of bismuth 
basic chloride, obtained in the last expeiiment, shake up the 
precipitate if it has subsided, and pour half of the mixtuie 
into another tube : — 

{a) To one portion add strong hydrogen chloride dtop by 
drop. The precipitate will readily dissolve. [Reserve the 
solution for test 2.] 

( 3 ) To the other add an equal volume of solution of sodium- 
hydrogen taitrate. The piecipitate will remain undissolved: 
a pioperty which distinguishes it from the similar precipitate 
formed by antimony, p. 376. 

[The best method of applying this test is, to et'aporate a few 
drops of the solution of the bismuth salt to dryness in a watch-glass, 
to dissolve the residue in one drop (not more) of moderately dilute 
hydrogen chloride, and then, placing the watch-glass on a black 
surface, to fill it up with water from a wash-bottle. A veiy slight 
turbidity may thus be rendered evident.] 

*2. With, hydrogen sulphide they give a black pre- 
cipitate, insoluble in potassium hydrate. 

Add solution of hydrogen sulphide to the clear solution 
containing bismuth chloiide, obtained in the last experiment. 
A black precipitate of bismuth sulphide will be produced, in- 
soluble in potassium hydrate. 

*3. Eeduced on charcoal they give a brittle globule of 
metal, with a light yellow incrustation. 

Evaporate the remainder 'of the solution of bismuth nitrate to 


' EiCl,-sH,0 -BiOCl + 2HCl 
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dryness, mix the residue with about an equal quantity of sodium 
carbonate, and reduce it on charcoal in the usual way, re- 
membering that nitrates deflagrate on chaicoal, and hence heat 
must be applied cautiously. Observe the yellow incrustation 
of bismuth trioxide formed round the cavity in the charcoal, 
and try the brittleness of the globule by crushing it with the 
pestle in the mortar. 


4. ARSENIC. 

[Symbol of atom, As. 

Weight „ 75 hydrogen-atoms.] 

[It should be remembered in dealing with arsenic that the sub- 
stance and Its compounds are extieniely poisonous. Very small 
quantities should be used for testing, and care must be taken not to 
inhale any of the vapours.] 

Arsenic is remarkable as not only forming salts in which it 
acts as a metal, but also entering into compounds as pait of the 
non-metallic radicle ; showing, in fact, analogies to bismuth on 
the one hand and nitrogen on the other. 

It occurs in many metal-ores, especially in some kinds of 
pyrites; and its most important compound, arsenic trioxide, is 
chiefly obtained during the process of roasting these ores. 

If .any mi.spickel (arsenical pyrites) is at hand, the process 
may be illustrated as follows. 

Grind a small fragment of the mineral to very fine powder, 
and place a little of it in the bend of a roasting-tube (fig. 91, 
P- 343 ). Warm the long branch of the tube to establish an 
upwaid current of air in* it, and then heat the powder in the 
bend very slowly and gently. A white crystalline sublimate of 
arsenic trioxide will form in the tube, the oxygen of the heated 
air having combined with the arsenic in the mineral. If the 
heat is at all too great, or too rapidly applied, a yellow sublimate 
of arsenic trisulphide and possibly black shining crystals of 
metallic arsenic will appear. 
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A. Compounds in which. Arsenic acts as a metal. 

Fonnuld of 
molecule, ' 

[Typical examples,— Arsenic trioxide, As Oj 

„ pentoxide, ASiOj 

„ trisulphide, ASjS, 

„ trichloride, AsCy 

1. Arsemc trioxide. 

This is the common ‘ white arsenic ’ of the shops, and is the 
source from which other compounds of arsenic are usually 
derived. The process by which it is manufactured has been 
alluded to above ; the following characteristic properties of it 
should be examined. 

*{a) It volatilises readily, condensing in brilliant ooto- 
hedral crystals. 

Place a very small quantity of arsenic trioxide in a small dry 

test-tube, and heat it slowly over 
a lamp wiih a small flame. It 
will volatilise completely, foiming 
a crystalline crust in the cool 
part of the tube. Now warm the 
part of the tube beyond the de- 
posit, and when it is moderately 
hot cany the lamp flame down- 
wards, so as to volatilise the 
sublimate already formed. It 
will now condense more slowly, 
and form large tiansparent glittering crystals, which, when 
examined with a magnifier, will be found to resemble fig. 93, 
being more or less perfect oclohedra belonging to the ‘regular ’ 
or ‘monometric’ system. The triangular faces of these will be 
easily recognised. 

{b) It is sligh.tly soluble in water. 

Boil a very little of it in a test-tube . with 8 or 10 c.c. of 
water ; notice the difficulty with which it is wetted by the water, 
the powder showing a tendency to float as a film upon the sur- 
face of the liquid, or-remain at the bottom in lumps. It will. 
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however, dissolve to a certain extent, as may be pi'oved by 
setting: the liquid aside to cool, when small brilliant crystals of 
the tiioxide will b(? formed on the sides of the tube. The solu- 
tion may be shown to contain arsenic by test 1, p. 372. 

2. Arsenic trichloride. 

Boil half a gramme of aisenic trioxide with 5 c,c. of strong 
hydrogen chloride in test-tube. The substance will readily 
dissolve ', and the solution, which contains arsenic trichloride, 
may be kept for examination, 

3. Arsenic trisulphide (‘ orpiment ’). 

Add a few drops of the solution of arsenic trichloride to 5 c.c. 
of water, and then some solution of hydrogen sulphide. A 
blight yellow jirecipitate of arsenic trisulphide (the common 
‘ orpiment ’ used as a paint) will be formed, 

[Keep the contents of the tube for further examination.] 


B. Compounds in which Arsenic forms part of, or acts 
as, a non-metallie radicle. 

Formula of 
molecule, 

[Typical examples, — Potassium arsenite, KAsOj 

Copper „ CuHAsOs 

Ammonium thioarsenite, (H,N)AsSj 
Hydrogen arsenate, HsAsOj 

Potassium arsenate, KjAsO^ 

Hydrogen arsenide, HjAs] 

In these arsenic shows decided analogies to nitrogen and 
phosphorus ; the arsenites corresponding to the nitrites and 
phosphites, and the arsenates to the phosphates ; while hydrogen 
arsenide resembles ammonia (H^N) and hydrogen phosphide 
(HjP) in many points besides the structure of its molecule. 

1. Potassium arsenite. 

Boil I grm. of arsenic trioxide with 5 c.c. of solution of 
potassium hydrate. An action will take place exactly similar to 
that between nitrogen trioxide and’potassium hydrate (p. 168), 


* As^Oa + fiHCl •• 2AsCla + jHaO 
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and a solution of potassium arsenite will be soon formed V 
which should be kept for future experiments. 

2. Copper arsenite (‘ Soheele’s green 

Mix a little of the solution of potassium arsenite with about 
5 c.c. of water and add a few drops of solution of copper sul- 
phate. A grass-green precipitate of copper arsenite will be 
formed. This is the brilliant but very poisonous paint called 
' Scheele’s green.’ 

3. Ammonium tbioarsenite (or snlpharsenite). 

Just as arsenic trioxide acts upon potassium hydrate (as 
shown in the last expt. but one) to form potassium arsenite, so 
arsenic trisulphide will combine with potassium sulphide or 
ammonium sulphide and form a salt called ‘tbioarsenite’ 
(analogous to an arsenite but containing sulphur in place of 
ox3'gen, as seen by comparison of the formulae in the list above 
given). In illustration of this — 

Take the tube containing the arsenic trisulphide already 
prepared (expt. 3, p. 367), add sufficient ammonia to neutralise 
the free acid in it, and then add a few drops of solution of 
ammonium sulphide and warm the mixture. The arsenic 
trisulphide will dissolve, since ammonium tbioarsenite is soluble 
in water ^ 

A similar result occurs when potassium hydrate is used ; 
a mixture of potassium arsenite and tbioarsenite being formed. 

This illustrates a method used in analysis for distinguishing 
and separating arsenic sulphide from cadmium sulphide ; the 
latter being unaltered when similarly treated. 

4. Hydrogen arsenate, and Potassium arsenate. 

Arsenic trioxide shows a tendency to combine with more 

oxygen, like nitrogen trioxide and phosphorus trioxide ; though 
it will not, like the latter, combine with oxygen directly. 
Hydrogen nitrate readily effects the change, and tire pentoxide 
when formed combines with the elements of water to produce 
hydrogen arsenate (corresponding to hydrogen orthophosphate). 


’ ASaOj + aKHO -aKAsOa+HjO 
“ Asjg, + (H4N)aS = a^HiNJAsS, 
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((?) Place half a gramme of arsenic trioxide in a small 
evaporating dish, pour over it about c.c. of strong hydiogen 
nitrate, and heat ll?c mixtuie (in a diaught-cupboaul, if pos- 
sible). Oiange vapours of nitrogen trioxide will be evolved, 
some of the oxygen of the acid being transfeired to the arsenic 
trioxideh When the liquid has neaily evaporated, add about 
2 c.c. more acid and evaporate to complete dryness. Use the 
lesiduc of h3’diogen ai senate for the next expciiment. 

ill) Boil the residue, obtained above, with about 5 c.c. of 
solution of potassium hydrate, dilute the solution of potassium 
arsenate, thus obtained, with 20 c.c. of water, and leserve it for 
testing, p. 373. 

6. Hydrogen^ arsenide. 

This is obtained whenever hydrogen in the nascent stale is 
biought into contact with arsenic or a compound of it; just 
as ammonia was foimed from a nitrate under similar conditions 
(p. 165). The hydrogen may be obtained, as already seen, by 
the action of zinc on either an acid or an alkali. 

[Hydrogen aisenide is a very poisonous gas, and the contents of 
the test-tubes used in the following expts, should be washed away 
as soon as possible.] 

(it) Place a little dilute hydtogen sulphate in a test-tube and 
drop in a bit of pure granulated zinc ^ Plydrogen will, of 
couise, be given off and should be allowed to fill the tube. 
Place on the mouth of the tube a small bit of white blotting- 
paper moistened with solution of silvei nitrate. No discolour- 
ation of the paper will be pioduced, if the zinc and acid are 
pure (see note below “). Now put in one drop of the solution 
of arsenic trichloride, on a glass rod, and stir it up. The 
evolution of gas will be rauch inci eased, hydrogen arsenide 
being given off mixed with the hydrogen. The following pro- 
pel ties of the gas should be observed. 


‘ AS2O3+ 2HNOj + 2lIaO = NjOi + aHjAsO* 

- Common granulated zinc often contain? arsenic and is unfit for these 
experiments. The metal of the thin rolled sheets is, Jiowevei, usually 
sufficiently pure. Common hydrogen sulphate also may contain arsenic, 
and should not be used. , 

B b 
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Its offensive smell. 

This should be observed cautiousl)', as the gas is extremely 
poisonous. 

Its power of rednoing silver salts. ^ 

Place the strip of blotting-paper moistened with silvei nitrate 
upon the mouth of the test-tube. It will turn black, owing to 
formation of metallic silver. 

C 

[Other properties of the substance will be found under ‘ Marsh’s 
test,’ p. 379, the principle of which test is illustrated by the above 
experiment.] 

{i) Put a little solution of potassium hydrate into a test-tube, 
add a bit of granulated zinc and a diop of solution of arsenic 
trichloride, and boil the mixture. Hydrogen arsenide will be 
given off, as in the last expt., and for a similar reason; its pre- 
sence may be proved by the blackening of a slip of blotting- 
paper moistened with silver nitrate. 

This experiment illustrates ‘Fleitmann’s test’ for arsenic, 
a very simple and reliable one. 

Methods of reduction of compounds of Arsenic, 

1. By heating with sodium carbonate and potassium 
cyanide. 

Mix a very small quantity of arsenic trioxide with the same 
amount of potassium cyanide and about twice as much anhy- 
drous sodium carbonate. Half-fill the bulb of an ignition-tube 
with the mixture, and wipe off any adhering particles from the 

sides of the tube 
with a twisted strip 
of blotting - paper. 
Heat the bulb, gently 
at first, over the 
lamp, and warm the 
whole of the tube 
(held in the crucible 
tongs) so as to drive 
out any moistuVe which would otherwise condense in it. When 
the whole is quite ,dry (the last portions of moisture may be 
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absorbed by a strip of blotting-paper, so as to leave the whole of 
the tube quite clean), heat the mixture in the bulb moie strongly. 
A black, shining ring of metallic arsenic will soon form in the 
t«be (fig. 9.)-). Allow the whole to cool and then cut off the 
bulb with a file, letaining the metallic sublimate in the tube; 
hold the latter in a slanting position (the part containing the 
aisenic being lowest), and heat the ring, beginning at the upper 
part, by a lamp with a veiy small flame. The arsenic will 
volatili.se, will be o.xidised by the curient of hot air ascending 
in the tube, and will condense near the top of the tube as 
arsenic trioxide, in small crystals. The heat should not be too 
stiong, or a portion of the arsenic will volatilise unchanged and 
inter fere with the distinctness of the crystalline ring. If this 
should occur, allow the tube to cool, and re-sublime the deposit, 
as above directed. 

2. By heating with metallic copper, in presence of 
hydrogen chloride. 

This is a case of the replacement of one metal by another 
which has more affinity for the non-metalhc radicle present. 
Just as iron has been shown to replace copper (expt. 3, p. 353), 
so copper will replace arsenic in combination with chlorine ; 
the arsenic being thrown down in the metallic state. 

Pour about 5 c.c. of dilute hydrogen chloiide into a test-tube, 
and add two 01 three diops (not more) of the solution of arsenic 
trichloride lately made. Put into the liquid a narrow strip of 
copper foil, 4 or 3 cm. long, or a piece of flattened copper wire, 
cleaned with emeiy paper, and doubled up into a bundle. On 
boiling the solution, a dark film of arsenic will be deposited on 
the copper, and will, if the action be continued, separate in 
scales from the copper. Decant the solution, and pour some 
fresh water upon the coated coppei, to wash away the last 
traces of the solution ; then shake the copper out of the 
lube upon a piece of blotting-paper and dry it by gentle pres- 
sure, taking care not to disturb the film of arsenic ; complete 
the drying by gently warming the topper over a lamp-flame 
for a few seconds, then place it in an ignition^tube and draw 
out the middle of the latter in the blowpipe flame until it is 

B b 2 
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contracted like the tube represented in fig. 34, p. 32. When it 
is cool, heat the bulb containing the copper, and notice that 
a ring of crystals is deposited at the contrarcted portion, which 
may with a magnifier be easily' recognised as octohedra ®f 
arsenic trioxide. 

[This test, which is usually called ‘ Reinsch’s test,’ has the ad- 
vantage that the presence of organic substances {e.g. milk, beer, 
in cases of poisoning) does not interfere with the deposition of 
arsenic on the copper. But other metals, such as antimony, bis- 
muth, silver, are deposited on the copper under the same conditions 
as arsenic. Moreover, when the deposit of arsenic is heated, only 
a portion of the metal is volatilised, the rest fonning a non- 
volatile alloy with the copper. The test, therefore, is by no means 
so reliable and characteristic as Marsh’s test, which is described 
on p. 379.] 


Tests for Arsenic protosalts and Arsenites, 

[The solutions of arsenic trichloride and potassium arsenitc, 
already made, may be used.] 

*1. Their solutions, tested with hydrogen sulphide, in 
presence of hydrogen chloride, give a yellow precipi- 
tate, soluble in ammoniiun sulphide and potassium 
hydrate. 

The details of this test have been already given, pp. 367, 368. 

*2. With silver nitrate, their solutions, when neutral, 
give a yellow precipitate. 

The following method of applying this test will illustrate a 
mode of ensuring absolute neutrality in some portion of a liquid 
under examination. 

To a portion of the solution of potassium arsenite add enough 
dilute hydrogen nitrate to make the solution decidedly acid, and 
then add a drop of solution of silver nitrate. 

[If the hydrogen nitrate or potassium arsenite contained any 
chloride, a slight white precipitate will form on addition of the 
silver nitrate, which should be filtered off.] 

Mix in another tgst-tube some solution of ammonia with an 
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equal volume of water, and pour the diluted ammonia from 
a pipette very slowly and carefull}’ down the side of the test- 
tube containing the»arsenic solution, so that the two fluids may 
net mix, but the lighter solution (the ammonia) may rest on the 
surface of the heavier. The tube containing the arsenic solu- 
tion should be held in an inclined position, in order that the 
ammonia may flow less rapidly down the side. A yellow film 
of silvei arsenile will be foimed at the smface of contact of the 
two fluids. 

We have in the test-tube three fluid strata : a lower one con- 
taining excess of hydiogen nitrate, an upper one containing 
excess of ammonia, and an intermediate one consisting of 
a neutral solution of ammonium nitrate. Silver arsenite is in- 
soluble in water, but soluble in excess both of acid and of 
alkali, and theiefore appears only wheie the fluid is neutral. 

On shaking the fluid the yellow film will disappear altogether, 
unless just enough ammonia has been added to neutralise the 
acid. 

3. With, copper sulphate, their solutions, when neutral, 
give a bright green precipitate. 

The details of this test have been given already, p. 368. 

Tests for Arsenates. 

[The solution of potassium arsenate, already prepared, may be 
used.] 

1. With hydi’ogen sulphide, they give hardly any pre- 
cipitate, until reduced to protosalts. 

Acidify a portion of the solution of potassium arsenate with 
hydrogen chloride and divide it into two parts. 

(а) Add to one portion ?ome solution of hydrogen sulphide. 
No precipitate nil! be produced, and even on heating onlj' a 
slight yellow precipitate will fall. 

( б ) Add to tlie remainder some solution of hydrogen sul- 
phite (or of sodium sulphite mixed ‘with hydrogen sulphate), 
boil the liquid until it no longer smells of sulplmr dioxide, and 
then test with hydrogen sulphide. A yellow precipitate of 
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arsenic trisulphide will be formed, the hydrogen arsenate having 
been reduced to hydrogen arsenite by the action of the hydro- 
gen sulphite. r 

* 2 . With silver nitrate, their solutions, when neutral, 
give a red precipitate. 

Acidify another poition with hydrogen nitrate, add a few 
diops of solution of silver nitrate, and pour on the solution 
dilute ammonia, as directed, p. 373. 'K dull-red precipitate 
of silver arsenate will form at the point where the solution is 
neutial. 

"^ 3 . With magnesium sulphate, in presence of ammonirun 
salts, they give a white orystaUine precipitate. 

Add a few drops of ammonium chloi ide to another portion, 
then about the same quantity of ammonium hyfliate, and lastly 
a drop of solution of magnesium sulphate. A white crystalline 
precipitate will be formed, very similar in appeal ance, and 
analogous in composition, to magnesium-ammonium phosphate 
(p. 301), the phosphoius being replaced by aisenic. 

Additional Experiment. 

Marsh’s test for Arsenic. 

This is described on p. 379, et seg., and may be defen-ed until 
the reactions of antimony compounds have been examined. 


6. ANTIMONY. 

[Symbol of atom, Sb (stibium). 

Weight „ 122 hydrogen-atoms.] 

Antimony much resembles arsenic both in its physical pro- 
perties and in the compounds it forms. It is not, however, so 
volatile as arsenic, nor does it combine with oxygen quite so 
readily; but at a bright red heat it becomes vapour and com- 
bines with oxygen, if prSsent. Its reduction from its com- 
monest ore, antimony trisulphide, may be illustrated on a small 
scale as follows. 
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Mix a little antimony trisulpliicle with potassium cyanide, and 
heat the mixture on charcoal before the blowpipe. Brilliant 
globules of metal will be produced, which lo.se theii lustre at 
cvicc on being lemoved from the i educing flame, and white 
lumes of antimony tiioxide aie pioduced and form an m- 
crubtation on the cool part of the charcoal. Owing to the 
volatility of the metal, these white fumes of oxide are emitted 
for some time after ftie globule is removed from the flame, 
especially if a stieam of air from the blowpipe is directed upon 
it. When cold, the globule should be detached fiom the char- 
coal, placed in a moitar, and the pestle piessed forcibly down 
upon it. It will be crushed to powder instead of spieading out 
into a plate. 


Preparation of compounds of Antimony. 


[Typical examples, — 

Antimony trichloride, 

„ basic chloride, 

„ trisulphide, 

„ pentoxide. 

Ammonium thioantimonite, 
Potassinm-antiinonyl tarti'ate. 


Founnla of molecule. 

SbCls 

SbOCl 

SbjSa 

SbgOg 

H^NSbS^ 

KfSbOjCjH^Oo] 


1. Antimony trichloride. 

The method of prepaiing this by heating antimony sulphide 
with hydrogen chloride has been .alieady incidentally mentioned 
on p. 274. The metal antimony itself is only with difficulty 
acted on by hj'drogen chloride, but readily so by aqua legia. 

Place a small fragment (about as large as a pea) of metallic 
antimony in a strong moitar, and stiike it with the pestle. It 
will, as already observed, split to pieces and may readily be 
ground into a fine ciysralline powder. Put a little of this 
powder into a test-tube, add 5 or 6 c.c. of strong hydrogen 
chloride and one or two drops (not more) of hydrogen nitiate, 
and apply heat. The metal will dissolve pretty readily, forming 
antimony trichloride. When the action has ceased, allow the 
liquid to cool, and decant the clear solution into another test- 
tube for use in experiments. 
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2. Antimony basic chloride (or oxychloride). 

What has been said respecting the basic salts of bismuth 
p. 363) applies also to antimony: water ).eadily decomposes 
nany of its salts, especially the tuchloride, Aviih formation of 
nsoluble compounds in which sdme of the non-metallic ladicle 
s replaced by oxygen. Antimony tartrate, however, is an 
;xception. 

Pour a few drops of the solution of antimony trichloride 
prepared just now) into a test-tube and add 5 or 6 c.c. of 
.vater. A white precipitate, consisting of antimony o.xychloricle, 
ivill be produced K Divide the liquid into two portions ; — 

(a) To one add a little strong hydrogen chloride. The 
precipitate will dissolve, and the solution may be reserved for 
jse in expt. 3 . 

{!)) To the other portion add some solution of sodiura- 
aydrogen tartrate. The pi'ecipitate will redissolve, sodium- 
rntimonyl tartrate being formed, which is not affected by water. 

When potassrum-hydrogen tartrate (‘cream of tartar') is used 
instead of the correspondtng sodium salt, potassium-antimonyl tar- 
trate is produced, which is the preparation irruch used in medicine 
under the nanre of ‘ tartar-emetic.’ 

Thts reaction serves to distinguish between anlimony oxy- 
chloride and the corresponding bismuth salt: the latter, as 
proved already, p. 364, being insoluble in tartrates. 

3. Antimony trisulphide. 

Take the solution of antrmony trichloride containirrg slight 
excess of hydrogen chloride, obtained in expt. 2«, and add to it 
soirre solution of hydrogen sulphide. An orange precipitate of 
antimony trisulphide will be formed, which is often used as a 
paint and also iir the manufacture of vulcanised india-rubber. 

Observe the dilfercnce in colour between this and the native 
culphide ; the latter being crystalline, while the orange pre- 
cipitated sulphide is amorphous. 

[Keep the contents of the test-tube for a future experinrent.] 


‘ SbClj + HjO SbOCl + 2 HCl 
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4 . Antimony pentoxide. 

Wlien strong h}'drogen nitrate is poured upon antimony, 
the metal is not (like most others) dissolved as nitiate, but 
cpmbines with some of the oxygen of the acid, forming anti- 
mony pentoxide. 

Put a little powdered antimony into a test-tube, pour over 
it a few drops of strong hychogeii nitrate, and heat gently. 
Orange vapours of nitiogen teti oxide will be given off abundantly, 
and the antimony will be converted into a hite powder, the 
pentoxide, insoluble in the acid. 

6 . Ammonium tMoantimouite (or sulpliantimomte). 

This is a salt in w’hich antimony forms part of the non- 
metallic radicle. The thioantimonites are analogous to the 
thioarsenites (p. 368), and aie formed, like the latter, by the 
action of such sulphides as ammonium sulphide upon antimony 
tiisul[)hidc. 

Take the test-tube containing the antimony trisulphide pre- 
pat ed in expt. 3, neutralise the fiee acid by addition of ammonia 
(in slight excess if anything), add several drops of ammonium 
sulphide, and waiin the mixture. The precipitate will dis- 
solve, a yellow solution containing ammonium thioantimonite 
being formed '. 

If to this dilute hydiogen chloride is added in slight excess, 
the salt will be decomposed and antimony tiisulpbide pre- 
cipitated. 

These expeiiments illustrate a method used in analysis for 
separating antimony (and also arsenic, tin, gold, and platinum) 
from the other metals of thi.s group, the sulphides of which are 
not affected by ammonium sulphide. 

Potassium hydrate may, as mentioned under arsenic, be used 
instead of ammonium sulplude. 
e. Hydrogen antimonide. 

This is closely analogous to hydrogen arsenide, and is 
formed by the action of nascent hydrogen upon compounds of 
antimony. • 


(H,Nj.jS + Sb,S3 - iHiNSbSj 
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Repeat expt, ga, p. 369, using a drop of solution of antimony 
tiichloiide instead of aisenic tiichloride. Hydiogen antimonide 
■will be formedj a gas much resembling hydrogen arsenide in 
properties, e.g. in its offensive smell and its blackening effect on 
silver nitrate. The distinctions between them will be given 
under hlaish’s test, p. 379. 

If expt. 6^ IS tiled, it wUl be found that no hydrogen anti- 
monide is foimed on the addition of antimony tiichloride to 
the alkaline solution. This is a point of distinction between 
antimony and arsenic. 

Teats for compounds of Antimony. 

"1. Their solutions, especially if they contain hydrogen 
chloride, gwe, -when mixed -with -water, a' white preci- 
pitate, soluble in tartrates. 

The details of this test have been given above, p. 376. 

"‘2. Their solutions, acidified with hydrogen chloride, 
give -with hydrogen sulphide an orange precipitate, 
soluble in ammonium sulphide and potassium hydrate. 

The details of this test also have been given already, p. 377. 

*3. When placed in contact with zinc and platinum, 
antimony is reduced on the latter as a black powder. 

Place a piece of platinum foil in an evaporating dish; put 
on it a small fragment of gianulated zinc, and pour into the 
dish a little dilute hydrogen chloiide. When the evolution of 
hydrogen has begun from the surface of the platinum, add 
a drop or two of the solution of antimony trichloiide. The 
antimony will be thrown down on the platinum as a black 
coating, owing to galvanic action (p. 79). If the black de- 
posit is heated with a drop of ammonium sulphide it becomes 
orange 

*4. Reduced on charcoal, they give a brittle metallic 
globule, with a white incrustation. 

The mode of performing this test has been described on p. 375. 


‘ The platinum .may be cleaned from the deposit by warming it with 
a few drops of strong hydrogen chloride, to which one drop of hydrogen 
nitrate may be added. ^ 



MARSH’S TEST. 


379 


Additional Experiment. 

n 

, Marsh’s Test for Arsenic and Antimony. 

Apparatus required. — Small flask ; thistle Amiiel ; two clhow-tnbes, one 
with long blanch; retort-stand; Bunsen’s holder ; di ying-tube, filled 
uilh calcimn chloride or quicklime; difficullly-fusible glass lulling, 3 or 
4 min. in intenial dinnie*cr ; Bunsen’s burner; Herapath’s blowpipe; small 
poicelain dish, 01 broken pieces of one; three-square file; test-tubes in 
basket ; small funnel ; filters. 

Pure zinc; pure h3'drogen sulphate; solutions of silver nitrate, 
ammonium hydrate, sodiiiiii-hydiogen tartrate, hydrogen sulphide; iron 
sulphide; hydrogen chloride ; hydrogen nitrate. 

The piinciple of this test, which is the one commonly used in 
cases of suspedted. poisoning by arsenic or antimony compounds, 
is the formation of hydrogen arsenide or antimonide, and the de- 
composition of the gas in various characteristic ways. Its delicacy 
is such that a quantity so small as one-hundredth of a milligiamrac 
of at seme can be detected by it. 

A. Detection of Arsenic. 

Place a few pieces of granulated zinc in a small flask, fitted with 
an acid funnel and right-angled elbow-tube, and connect the latter 
with a drying-tube filled with fragments of calcium chloride or 
quicklime, and supported in a hoiizontal position by a Bunsen’s 
holder. Take a piece of difficultly-fusible glass tubing about 4 mm. 
in inteinaldiameterand 40CIU. in length ; soften itin the middle in the 
flame of a Bunsen’s burner', and draw the two ends asunder, until 
the softened poition is contracted to a diameter of 2 mm. When 
it is cool, make a scratch with a file in the middle of the contt acted 
poition, and break it at that point. You have now two tubes each 
about 18 cm. in length and terminated by a jet". Reserve one for 
an expel iment with antimony, and connect the other with the 
drying-tube, supporting it horizontally on the largest ring of the 


' If the glass is very difficult to fuse, a blowpipe flame may have to be 
used. 

" The jet sliown in the figure is turned up. This, which is a slightly 
preferable form, may be obtained by moving the hands in drawing out the 
glass, laterally (the one hand towards, the other from the body), so ns to 
give the diawn-out tube the following form ^ — . It should 

then be cut in two at a. 


'a 
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retoit-stand at such a height that a lamp may be placed undei'- 
neath it. The whole apparatus will then be arranged thus, fig, 95. 

Pour a little water on the zinc in the flask, apd add a few drops 
of strong pure hydrogen sulphate, so as to generate a model ately 
rapid current of hydrogen. Allotv the gas to pass through the 
appaiatus for about two minutes, in order to sweep out all tiaces of 
air. While this is going on, you may get icady a right-angled 
elbow-tube with one long branch, a test-tube half filled with a dilute 
solution of silver nitrate (five drops of the test-solution to 10 c.c. of 
watei), and one or two pieces of clean glazed porcelain, such as the 
hd of a crucible, or fragments of an evaporating dish. Now test 



the purity of the gas by collecting some in a test-tube held over the 
jet (see p. 133). When you aie quite sure that the gas is unmixed 
with air, you may light it at the jet and depress into the flame, for 
a few seconds, one of the pieces of porcelain. If any stain appears 
on the white surface (as may happen if the zme or hydrogen sul- 
phate is contaminated with arsenic) allcfiv the stream of gas to pass 
a little longer, and do not proceed with the experiment until the 
porcelain depressed on the flame lemains unstained. 

[If after several trials the stain still appears, the zinc, or the .'leid, or 
both, are impuie, and ether samples must be used.] 

When this is the case, pour into the funnel about two drops (not 
more) of a solution of arsenic chloride, and wash it down into the 
flask with a little watep. The first effect of this will be to increase 
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the evolution of gas, and the flame of the jet will shortly become 
tinged with gray (not unlike the colour imparted to flame by the 
piesence of potassium vapour). Hydiogcn arsenide is now being 
foimcd, and you may proceed to decompose it in file three follow- 
ing ways : — 1 

III) By the heat produced by its own combustion. 

Place in the flame a clean cold surface of glazed porcelain, de- 
pressing it until it almost touches the jet from which the gas is 
issuing. A black spot, consisting of metallic arsenic or of a lower 
hydiide, will be formed on the white surface. Two or thiee of 
these should be made on different pieces of porcelain, and icserved 
foi future examination '. 

(/>) By heat applied to the tube through which the gas is 
passing. 

Place a lamjawith a small flame underneath the tube near the 
end at which the gas enters, and heat that part of the tube to red- 
ness. A bl.ack shining ring of aisenic will be deposited just beyond 
the heated portion of the tube, while the flame at the jet will lose 
its gray colour, showing that the arsenic has been aiiested in its 
course to the jet. 

(c) By a solution of silver nitrate. 

Detach the drying-tube (and the tube containing the arsenic 
deposit), and fit in its place the elbow-tube, the longei branch of 
which should leach to the bottom of the test-tube containing the 
solution of silver nitrate : the latter may be supported in an upright 
position by the smallest ring of the rctoit-stand. Pour, if necessary, 
a little more acid and solution of arsenic chloride into the flask. 
The solution of silver nitrate will soon become turbid, and a black 
deposit of metallic silver will be formed, while silver arsenite will 
remain in solution in the hydrogen nitrate which is formed ^ 

[The evolution of g.as should now be stopped, by taking the cork out of 
the flask and pouring the solution aw.iy from the zinc, which latter, after 
being thoroughly washed, may be retained in the fl.ask for a similar experi- 
ment with antimony ; which shpuld be made now, if time permits, so that 
the results may be compared with those obtained from arsenic.] 


' They are formed for the same reason that soot is deposited on a plate 
held in a candle-flame. The hydrogen arsenide is decompobed by the heat 
of combustion . the hydrogen combines with oxygen to form water, while 
only a portion of the arsenic can obtain Snough oxygen to form the tri- 
oxide ; the rest is suspended in the flame and deposited on any cold surface 
brought into contact with it. 

“ HaAs + gAgNOa + sH.p = Ag, AsO, + 9 HNO3 + 3 Aga 
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You have now three results of the decomposition of the hydrogen 
arsenide, which are to be further examined. 

(ft) The spots on the porcelain. 

Dip a glass rdd in strong hydrogen nitrate, and moisten one of 
the spots with it. The metal will dissolve in the acid, especially if 
the porcelain be gently waimcd, and on evapoiation a white residue 
of hydrogen arsenate will be left. Add another drop of acid, and 
again evaporate to dryness, to ensure the complete oxidation of the 
arsenic. Do not raise the temperature beyond the point necessary 
to drive off the excess of hydrogen nitrate, lest the hydrogen ar- 
senate should be itself decomposed. Moisten the residue with 
a drop of solution of silver nitiate and again evaporate to dryness. 
A led deposit of silver arsenate will be left, readily seen on the 
white porcelain. 

(i) The deposit formed in the tube. 

Connect tlie tube with a diying-tube (filled with calcium chloride, 
not quicklime), and ariange them as before, when the deposit was 
to be formed (placing the whole in a draught-cupboard, if possible). 
In place of the hydrogen generating flask attach to the drying- 
tube, a test-tube fitted with a thistle funnel and elbow-tube, and 
containing one or two lumps of iron sulphide and a little water. 
Pour down the funnel a few drops of strong hydrogen chloride, just 
sufficient to liberate a slow stream of hydrogen sulphide gas. When 
the air has been expelled from the apparatus, light the gas at the jet 
(merely to prevent its escape into the room), and heat the metallic 
deposit by a lamp with a veiy small flame, beginning at its outer 
border, or that farthest from the end at which the gas enters. 
The arsenic as it volatilises will decompose the hydrogen sulphide, 
combining with its sulphur and forming a yellow ring of arsenic 
trisulphide in the cool part of the tube, which is very volatile and 
may be driven about from one part of the tube to another by the 
heat of the lamp. 

(r) The solution containing silver arsenite. 

Filter this from the reduced silver^_ and pour gently upon its 
surface some very dilute solution of ammonia from a pipette (see’ 
expt. 2, p. 372). A yellow stiatum of silver arsenite will be formed 
at the point where the solution is neutral. 

B. Detection of Antimony. 

Hydrogen antimonide can'^be decomposed in the same ways as 
hydrogen arsenide, but with results which enable us to distinguish 
it without difficulty from the latter. 
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Arrange an appaiatus similar to that already described in the 
case of arsenic. After making sure that the hydrogen evolved is 
pure and leaves no^stain upon the porcelain, pom into the funnel 
two diops of solution of antimony tiichloride, anti wash it down 
with a little dilute hydrogen sulphate. Then proceed with the 
cxpeiiinents precisely as already directed for aiscnic, and compare 
the lesults obtained in the two cases. 

l/z) Decomposition the gas by the heat of oombustion. 

The duik spots formed on the jrorcelain are mote like soot, and 
not so brown and lustrous as those of arsenic. They leave a white 
residue when treated with hydrogen nitiatc, but yield no red deposit 
with silver nitrate '. 

(/i) Formation of a black deposit of antimony in the heated 
tube, and subsequent conversion of this into sulphide, by 
passing hydrogen sulphide over it. 

A daik orange-red film of antimony trisulphidc will be formed, 
close to the deposit in the tube, which is only volatilized with diffi- 
culty, by the utmost heat of the lamp. 

(f) Decomposition of the gas when passed into solution 
of silver nitrate. 

The whole of the antimony is precipitated as silver antimonide 
No yellow layer or precipitate, therefoie, is seen when the filtrate 
is neutralised by ammonia, In order to prove the presence of 
antimony in the precipitate, wash it on the filter, then place the 
portion of the filter which contains the precipitate in a beaker and 
boil it with a little solution of sodium-hydrogen taitrate together 
with one or two drops of hydrogen chloiide, when the antimony 
will dissolve while the silver will remain as insoluble chloride. 
Filter the solution and test it with hydrogen sulphide, which will 
give the characteristic orange precipitate of antimony trisulphide. 

It is obvious that in cases wheie we have both antimony and 
arsenic in the same solution this last test gives us a means of 
separating the two metals, the antimony being found in the preci- 
pitate produced when the ^ases are passed into the silver nitrate 
solution, while the arsenic remains in solution. 

The two metals may also be discriminated by the difference 
in volatility of their sulphides. When the mixed metallic deposit 


^ A blnck deposit of reduced silver is sometimes formed, If a sufficient 
e.\cess of hydrogen nitrate has not been added. ’ 

“ HaSb + sAgNOs = sHNOa + AgsSb 
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in the tube is heated in a cmrent of hydrogen sulphide, the yellow 
ring of arsenic trisulphide is always deposited considerably in 
advance of the orange sublimate of antimony trisulphide. 


6. TIN. 

[Symbol of atom, Sn (stannum). 

Weight „ iiS hydi'ogen-atoms.] 

The chief ore of tin is the dioxide (‘ tin-stone ’), and an 
experiment has already been made, p. 102, showing how oxygen 
can be taken away from tin dioxide by healing it on charcoal 
with some flux. The ore is thus reduced on a large scale, 
coal or coke being employed, with fiuor spar as a flux. 

Crystalliue character of Tin. 

Cast tin, altliough to a certain extent tough and malleable, 
so that it can be rolled out into sheets only mm. in thickness 
(the ordinaiy tinfoil) is yet decidedly ci3'stalline in structure; 
as may be proved in several ways. 

{a) Take a strip of tin (the best tin is usually sold in strips 
or thin tods), bend it quickly backwards and forwards several 
times, holding it to the ear while doing so. A crackling sound 
will be heard, and the metal will become sensibly warm at the 
point of flexuie. This is due to the motion of the crystals over 
each other, and their mutual friction. 

[b) Wash the surface of a strip of tin plate ' (which is sheet 
iron coated with tin) with a little alcohol to free it from grease, 
and then, after rinsing it with water, apply with a piece of sponge 
or low a mixture of 5 c.c. dilute hj'drogen chloride with 2 c c. 
of dilute hydrogen nitrate (the ordinary laboratory solutions). 
The bright suiface will soon show a variety of inegular patches, 
somewhat like ‘watered’ silk, and should then be well washed 
with clean water, to stop further action of the acid. The reason 
is, that the film of tin upon the iron consists of numerous small 

’ A piece of pure'tinfoil shows the effect even more strikingly, and may 
he used, if at hand. 
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crystals buried in a mass of less crystalline material. The acid 
attacks the lattei more readily than the crystals, and la3's bare 
the faces of the latter, showing their symmetrical airangement, 
lilje masses of soldieis all facing the same way. 

Alloys of Tin. 

Two of these — its amalgam with mercuiy (p. 331) and ‘ fusible 
metal’ (p. 362) — have Been piepared alicady. Tin also unites 
with iron at a temperature only slightly above its melting-point 
(230'^), and this property is of importance in the manufacture 
of tin plate, since it causes the coating of tin to adhere firmly 
to the sheet of iron. The mode in which tin plate is manu- 
factured may be illustrated as follows. 

Clean a stiip'of sheet iron, first with emery paper, and then 
by placing it for half a minute in a little dilute hydrogen sul- 
phate in a plate. Melt a few grammes of tin in an iron dish, 
or small ladle. As soon as it is all melted, sprinkle a little 
powdered ammonium chloride (as a flu.’c) on its surface, and 
when this begins to volatilise dip the end of the cleaned strip of 
iron into the metal, and stir it about. The tin will soon begin 
to unite superficially with the iion, coveting it with a uniform 
bright film. 

The process of soldering, by which iron, copper, brass, &c,, 
are joined together, depends upon the similar formation of 
supeificial alloys at the parts to be joined ; and the ‘ soft solder’ 
used by tin-smiths is an alloy of tin and lead. 

Preparation of compounds of Tin. 

Forntula of 
molecule. 

[Typical examples, — Tin protochloride, SnCL 
' ,, pet chloride, SnCh 

„ dioxide, Sn O.J 

Tin, like mercury, forms two well-defined series of salts, 
in one of which it is divalent, in the other tetravalent. The 
conditions necessary for the foimatio*n of each seiies are, pre- 
sence of excess of the metal for the piotosalts, and of excess of 
the acid radicle for the persalts. ^ 


c c 



386 f TIN. 

1. Tin protoohloi'ide (stannous chloride). 

Place about 2 grma, of pure linfoiP in a large test-tube, add 
10 c.c. of strong hydiogen chloiide, and boil for a quarter of 
an hour. Hydrogen will be evolved, the metal taking its place 
and forming tin protochloi ide K Pour off the solution while 
a little of the metal still remains undissolved, dilute it with 
water to 30 c.c,, and reserve it in a corked tube or bottle for 
experiments, placing in it a small bit of metallic tin to prevent 
its passing into the state of persalt. 

2. Tin perchloride (stannie chloride). 

Put I grin, of tinfoil into a test-tube, pour on it 5 c.c, of 
strong hydiogen chloiide, and two drops (not more®) of stiong 
hydiogen nitrate, and heat gently. The metal will readily 
combine with the chlorine evolved fiom the aqua regia to form 
tin perchloiide; and when the solution is complete the liquid 
should be poured into a porcelain dish and evaporated on the 
sandbalh, about i c.c. of strong hydrogen nitiate being added 
to convert any remaining piotosalt into persalt (which it does, 
of course, by causing the liberation of chlorine, p, 239). To 
make sure that the conversion into perchloride is complete, 
take out a drop 01 two of the liquid with a pipette, dilute it with 
walei, and test it niih a diop of meicuiy perchloride. If any 
precipitate is pioduced, some tin prolochloiide still remains, 
and a few moie diops of hydiogen nitrate must be added. 
Finally, evaporate the solution to half its original bulk (stop- 
ping the evaporation when white fumes of the perchloride 
appear), dilute it nith water to 30 c.c., and leserve the solution 
for experiments. 

3. Tin. dioxide, and Stannates, 

Tin dioxide is always formed when tin is heated above its 
meliing-point in air, as has been d 5 ne already, p, 103. It can 
be made to combine with -water to form an acid, hydrogen stan- 
nate (H^SnO,), iioin which other stannates are obtainable: thus 

' See p. 22, note. If tinfuil is nut at hand, a little tin should be granu- 
lated as directed m the case ofzmc (p. 25). 

“ 2HCI + SU = SuCb + H, 

’ If much hydrogen nitrate is added at once, the tin may be precipitated 
as perhydrnte. 
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tin shows a certain analogy to arsenic and antimony in being 
capable of forming part of a non-metallic radicle. This acid 
is formed when pptassium hydrate is added to a solution of 
a^lin per.salt. 

(a) Put a few drops of the Solution of tin perchloiide into a 
test-tube, dilute with water and adil solution of potassium 
hydrate, drop by diop. shaking the mixtuie after each addition. 
When the free acid fn the solution has been neuttalised, a 
permanent piecipitate will be formed, which is hydrogen stan- 
nate. On adding excess of the potassium hydrate, the 
precipitate will be redissolved, pota.ssium stannate (K^SnOj) ' 
being formed. 

This salt (and also the perchloiide) is extensively used in 
. dyeing, from ifs action on colouring matters as a ‘mordant’; 
a term which will be explained and illustrated under alumi- 
nium. 

(d) Another similar acid, hydrogen nietastannate (HmSn.p,,,), 
is formed by the action of stiong hydrogen nitrate on metallic 
tin (compare its action on antimony, p. 377). 

Place a bit of tinfoil (or granulated tin) in a test-tube, and 
pour on it some strong hydrogen nitrate. Notice the violent 
action, the evolution of orange vapouis of nitrogen tetroxide, 
and the formation of a white powder, hydrogen metastannatej 
which is insoluble in excess of the acid. 


Properties of componnds of Tin. 

A. Protosalts (Stannous Salts). 

[The solution of tin protochloridc already made, may be used.] 
*1. Their solutions, wjien tested with hydrogen sul- 
phide, give a dark hrown precipitate, soluble in potas- 
sium hydrate and ammonium sulphide. 

Add excess of solution of hydrogen sulphide to a portion 
of the solution of tin protochloi ide. A dark brown, nearly 

* Notice the analogy of this formula to those of the carbonates and 
silicates. 


C C 2 
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black precipitate of tin protosulphide will be formed. Divide 
the mixture into two portions; — 

{a) To one add some solution of potassium hydrate (which 
must be fairly pure and free from carbonate), and warm it. The 
precipitate will redissolve, a double sulphide of tin and potassium 
being' formed. On addition of dilute hydiogen chloride to this, 
the brown protosulphide will be reprecipitated. 

{b) To the other portion add a slight excess of ammonia, 
then some solution of ammonium sulphide (which should be 
yellow, showing the presence of higher sulphides), and warm 
the mixture. The precipitate will ledissolve, as in the last 
experiment, but in this case a higher sulphide of tin is formed 
(a process analogous to oxidation), viz, tin disulphide, which 
foims a salt called ammonium thiostannate ’. On addition of 
excess of dilute hydrogen chloride to the clear solution, a light 
yellow precipitate of tin disulphide will be formed. 

*2. 'With mercury perchloride they give a white pre- 
cipitate, quickly turning gray. 

To another portion add a drop of solution of mercury 
perchloiide. A white precipitate of mercury protochloride 
will be pioduced, the colour of which changes, however, im- 
mediately to gray (the tin salt being in excess) owing to its 
reduction to metallic mercury 

The protosalts of tin are, in fact, very powerful and useful 
reducing agents, as has been illustrated in the case of mercury 
salts, p. 340. 

*3. Keduoed in contact with zinc and platinum they 
yield a gray spongy deposit of metal. 

Put a piece of platinum-foil in a porcelain dish, add a little 
dilute hydrogen chloride, and drop in a bit of granulated zinc. 
Hydrogen will, of course, be evolved. Now add one or two 
drops of solution of tin protochloride; metallic tin will be 
quickly reduced as a porous, moss-like mass (similar to the 
‘ lead-tree,’ p. 349) chiefly round the zinc, and readily washed 

1 (H,N),S + SnS, = (HiN),SnS3 
'' (i) SnCla+aHgCl, = SnCh + Hg.^Cb 
(it) SnClj + Hg^Clj = SnCh + 2Hg 
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away fiom both the zinc and the platinum by a stieani of water. 
Compare the similar e.xperiment wdth antimony, p. 378, in which 
the deposit obtaimal was foimcd on the platinujn alone, black, 
and closely adheicnt. 

*4. Eeduccd on charcoal, they yield a malleable metallic 
globule, with a white incrustation. 

The mode of pcifonning this e.\peninent has been already 
given, II. 103. 

B. Persalta (Stannic Salts). 

[The solution of tin pcrchloiide (p. 3S6) may be used.] 

*1. Their solutions, when tested with hydrogen sul- 
\phide, give a yellow precipitate, soluble in potassium 
hydrate and ammonium sulphide. 

Add aolution of hydrogen sulphide to a portion of the 
solution of tin perchloiidc, and apply heat. A light yellow 
piccipitate of tin disulphide will be formed, increased in quan- 
tity and rendeied flocculent, as the tempciature rises. Divide 
the liquid into two portions and try its solubility in potassium 
h}’diate and ammonium sulphide as directed in the case of the 
protosalts, p. 388. 

*2. With mercury perchloride they give no precipitate. 

An atom of tin, in fact, cannot hold more than four atoms 
of chlorine in combination ; and in the persalts it is alieady 
combined with this quantity, and so cannot take chloime fiom 
otliei substances. 

*3, Reduced in contact with zinc and platinum. 1 
*4 Reduced on charcoal before the blowpipe. / 

The results with these two tests are the same as in the case 
of the piotosalts. 


7. GOLD. 

[Symbol of atom, Au (aurum). 

Weight „ 197 hydrogen-atoms.] 

[Solutions containing gold should not, of course, be thrown away, 
but put into a bottle labelled ‘ Gold Residues.’ Ftir the method of 
recovering gold from them, see Appendix B. JI.] 
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Preparation of Gold trichloride, 
f [Formula of molecule, Au ClsC] 

Gold is a metal which is acted on by very few things, even 
the strongest acids and caustic alkalies failing to attack it. But 
nascent chlorine combines with it readily, and this is most 
usually obtained by mixing hydrogen chloride with hydrogen 
nitrate (p, 239) : the name ‘ aqua regia,' applied to this mixture, 
being derived from the fact that it dissolves gold, the ‘lex’ or 
king of metals. 

Place a leaf of gold in a dry, warm test-tube, by placing the 
slightl}' damp end of a glass rod in contact with one edge of 
the leaf, rolling the latter lound the rod, then tiansferring it to 
the tube and unrolling it within. Add about 2 c.c. of strong 
Iqdrogen chloride, and observe that the metal will not dissolve 
in the acid, even on boiling. Treat another leaf of gold with 
hydrogen nitrate in a similar way ; it also will be found to be 
unacted upon. Now mix the contents of the two tubes; the 
metal will at once combine with the chlorine in the ‘ aqua regia’ 
thus foimed, and a yellow solution of gold perchloride will be 
obtained. Pour this into apoicelain dish, add two or three more 
leaves of gold and a little more hydrogen chloride, and evapo- 
rate the solution on a sandbath nearly, but not quite, to dry- 
ness ; since if the lesidue is heated much above 1 00°, au insoluble 
protochloride (Au Cl) may be formed. 

[In cases where an evaporation has to be earned on, ora sub- 
stance heated, at a temperature not exceeding 100°, the heat is 
best applied by boiling water. A simple water-lDath consists of a 
beaker one-third filled with water kept boiling ovei a lamp ; on it 
is placed the dish containing the substance, resting on three bits of 
copper wire or sheet lead bent over the top edge of the beaker, 
so as to leave a small interval through which the steam escapes.] 

Dilute the liquid with about 15 c.c. of waiei and use it in the 
following experiments. 

r 

There are no other compounds of gold of sufficient importance 
to be worth preparing : one or two of them will be mentioned 
in the description of the tests for the metal. 
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Tests for compounds of Q-old. 

1. Their solutians, aoidiflod and tested with hydrogen 
sulphide, give a black preoipitate, soluble in potassium 
hydrate and ammonium sulphide. 

Add excess of hydrogc-n sul])iiide to a poition of the solution 
of gold iiichloride, and aaim the mixture. A black pi ecipitate 
(or if the solution is dilute, a deep black liquid) will be obtained, 
which will slowly dissolve on addition of excess of potassium 
hydrate, forming a nearly colourless solution of potassium 
thioaurate. 

*2. With iron protosulphate they yield a brown pre- 
cipitate of mgtaUic gold. 

Add to another jiortion some solution of iron protosulphate. 
Tlie liquid will rapidly daiken, and metallic gold will be preei- 
jiitated as a biownish powdei (the liquid in which tiic pi ecipitate 
i.s suspended liaving a blue 01 giecn colour by’ tiansmilted light), 
or if the solution is strong, as a spongy mass. If the quantity 
of precipitate is sudicient, it may be washed by decantation and 
diied in a watch-glass ; if a portion of it be then burnished witli 
the end of a glass tod or of a test-tube, it will acquiie the 
metallic yellow lustre of gold. 

‘'3, With tin chloride they yield a purple precipitate 
(‘ Purple of Cassius ’). 

Tefal aiiothci poition of the solution of gold trichloride with 
solution of tin protochloride to which one drop of iron per- 
ihloride lias been added (in order to form a little tin perchloride 
in the liquid). A biownish purple precipitate will be formed, 
called from its discoverer, the ‘ purple of Casrius,’ containing 
gold, tin, and oxygen, but not, apparently, of definite composi- 
tion. This substance is extensively used in gilding porcelain 
and china, and imparling a purplc-recl colour to glass. When 
the solutions are very dilute, the colour of the liquid changes 
to brownish led, but no precipitate falls which can be separated 
by filtration. 
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Additional Experiment. 

Transparency of Gold leaf. 

Gold is the ooly metal which has with certainty been reduced to 
sheets so thin that light will pasS through them ; their thickness 
being, in fact, no greater than xolw 

In order to examine this, it is best to spread out the leaf flat upon 
a glass plate, which may be done in the foljpwing way. 

Clean the glass plate, which should be about 15 cm. square, with 
a tuft of cotton-wool dipped in alcohol, dry it with a clean cloth, 
warm it (to insure perfect dryness), and lay it flat on the table. 
Slightly damp the edge of a paper-knife or a glass rod, and lay it 
on one edge of the leaf of gold, to which it will adhere ; you can 
then transfer the leaf to the plate and lay it approximately flat on 
the glass. Detach the paper-knife from the gold by^lightly rubbing 
it against the glass, and then, still keeping the glass horDontal, 
ditect a very gentle stream of water from a wash-bottle under the 
loaf of gold. The wdter will spread quickly over the glass, and the 
leaf will float on it, losing all inequalities and wrinkles. Now 
raise \'ery carefully and slowly one corner of the glass, holding 
a glass rod at the opposite corner to guide the water in flowing 
off, and absorb the remaining water with blotting-paper; finally 
gently warm the plate over a lamp until it is perfectly diy. The 
leaf of gold is left as a perfectly smooth film on the glass. Hold 
it up to the light, and notice the deep green colour of the trans- 
mitted light. Examine it with a magnifier ; many holes will be 
seen, and much inequality of thickness, but the greater portion of 
the leaf is a continuous film, even under high magnifying powers 


8. PLATINUM. 

[Symbol of atom, Pt. 

Weight „ 197 hydrogen-atoms.] 

[All waste solutions, &c., containing 'platinum should be put into 
a bottle labelled ‘ Platinum Residues.’ To recover the metal from 
them they may be treated as directed in Appendix B. 11 .] 

Platinum, from its infuslbilit}' (in all ordinary flames), its 
malleability and ductility (as shown by the thin foil and wire 
made of it), and its unalterability by most substances (even 
strong acids), is most valuable in chemical work. It should be 
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borne in mind, however, tliat it leadil)' forms fusible allo3’S with 
some metals, coppei and lead (as may have been noticed in 
blowpipe \\oik), mid also that caustic alkalies, nitiates, and 
r*!iloiine act easily upon it: so that nothing sfiould be heated 
on platinum without considciing whether the substance is likely 
to injtiie the foil or wiic used as the suppoit. 

Preparation* of compounds of Platinum. 

Fonnulfi of 
moleLulu. 

[Typical examples, — Platinum percliloride, PtCh 

Platinum-ammonium chloride, Pt(H4N)Cl5] 

1. Platinum perohloride. 

For tile exjjeiiments on platinum compounds the oi dinary 
laboratoiy solution of platinu-ii perchloiide may be used; but 
if you have any waste scraps of platinum foil or wire they may 
be conveited into the tetrachloiide m the following way. 

Measuie 6 c.c. of stiong hydrogen chloride into a Luge test- 
tube, add 2 c.c. of stiong hydrogen nitiate, drop in about 0’2 
grm. of thill platinum foil or wire, and heat the tube on the 
baiulbatli. Platinum, like gold, is not soluble either in hydrogen 
chloride or in hydiogen nitrate, but is readily acted upon by 
the chloiine evolved during the mutual decomposition of these 
acids, and dissolves as pei chloride. Evaporate the solution in 
a dish, in a draught-cupboard or the open air, observing the 
same precautions as in the case of gold, since an insoluble 
platinum protocliloiide (PtCl.^) is formed if the temperature 
is high. Dilute the solution with about lo c.c. of water for 
use in the following experiments. 

2. Platinum-ammonium chloride. 

Put about 3 c.c. of a solution of platinum percliloride into 
a test-tube, add an equal volume of saUirakd solution of am- 
monium chloride, and shake the mixture. A yellow, crystalline 
precipitate of platinum-ammonium chloride will be fonned 

‘ PtCl, + II,NCl=P;(H,N)Cl5 

The ordinary platinum-foil, &c. often contains indium. If this is the 
case, the solution of the percliloride will be deep led,, and the precipitate 
formed hy amraomum chloride tvill be dull biick-rcd, instead of yellow. 
The presence of indium will not, however, interfese with the experiments. 
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the separation of which will be hastened by the addition of 5 or 
6 c.c. of common alcohol (in which the salt is less soluble 
than in water). Leave the precipitate to cubside for a few 
minutes; then pour the whole on a small filter, and tvash rt 
with water to which about one-fourth its volume of alcohol has 
been added, rinsing the precipitate as much as possible down 
to the point .of the filter. Lastly, dry it on the filter at a gentle 
heat, while .other expeiiments are proceeded with. 

8. Spongy platinum. 

This is the condition in which the metal is obtained by gently 
igniting platinum-ammonium chloride. 

Take the dry (or paitially diy) filter containing the precipitate 
of platinum-ammonium chloride, cut off the ptyt of it which 
contains the precipitate, fold this up as closely as possible, and 
coil the end of a piece of platinum wire two or three times 
round it, so as to form a compact bundle. Heat this gradually 
to low redness over the flame of a Bunsen's burner, until all 
the paper has been burnt away and nothing remains but a 
gray mass of metallic platinum. During the ignition ammonia 
and chlorine are given off, and the skeleton of metal which 
remains is highly porous and has the projieity of absorbing 
large quantities of gases. It should be kept for use in the 
following experiments. 

[Platinum may be obtained in a slate of division still finer than 
platinum sponge — in particles so fine, in fact, that they almost 
cease to reflect light, and form a black impalpable powder. The 
readiest method of preparing ‘ platinum black ’ is to add excess of 
sodium carbonate to platinum perchloride, and then to boil the 
liquid with a little grape sugar. Carbon dioxide is evolved with 
strong effervescence, and a black powder is formed (gi-adually, 
if the solution is dilute), which should be washed by decantation 
successively with dilute alcohol, hydrogen chloride, potassium 
hydrate, and finally water, and then dried at a gentle heat. This 
powder is still more effective than spongy platinum in producing 
chemical combination.] 

Action of Platinmn in causing chemical combination. 

This is best shoN^n when the metal is in a finely-divided 
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&lale, as in the form of spongy platinum and platinum black. 
Hut even platinum in the ordinaiy compact condition shows 
the same propeitv’ to a certain extent, as hajf been already 
iriuhtratod in the o.\idation of i^mmonia, p. i 54. The action is 
thought to be due to the power possessed by platinum of con- 
densing gases upon its surface, and thus bringing the molecules 
closely into contact. ^ 

1. Combination of oxygen with hydrogen. 

[This may have been tiied already, in the course of experiments 
with hydrogen (p. 134) ; if so^ experiment {n) may be omitted.] 

[a) Fit a glass jet by means of a' cork to a model ate-sized 
test-tube; pul into the latter a bit of gianulated zinc and pour 
on it some diUite litdrogen sulphate; then fit the cork again 
into its place. Allow the sticam of hydrogen to escape for at 
least a minute, and test its puiity by collecting some in a test- 
tube, as diiccted on p. 133. When jmie hydiogen is issuing 
fioin tlie jet, liokl a little m front of it the spongy platinum 
already piepared, still held in the coil of wiie. It will become 
red-hot, owing to the combination at its surface of the hydrogen 
with the o.xygen of the air, and the gas will ignite at the jet’. 

{b) Flold the spongy platinum in a stream of coal gas and air 
(not ignited) issuing fiom the tube of a Bunsen’s burner. The 
metal will become red-hot, but the gas will not ignite, since coal 
gas rcquiies a higher temperature than hydrogen to kindle it. 

(r) Place a piece of fine wiie gauze on the chimney of 
an aigand burner, and put upiigliL upon it a cylinder of 
platinum-foil, made by rolling it loosely lound a small test- 
tube. Turn on the gas partially, and light it above the wire 
gauze. When the platinum lias become red-hot, extinguish 
the flame by pinching tljp india-iubber connecting tube, and 
immedi.ately (before the platinum lias bad time to cool entireh’) 
allow the gas to flow again. The platinum will begin to glow 
afresh, and maintain a steady red heat. If a dry gas bottle is 
held close over it, moisture will be deposited, and the presence 
of carbon dioxide may be proved in the usual way. 

^ ]f the spongy platinum has been exposed to the air for some time, it 
may be nccessar)’ to ignite it gently afiesh, and let it cool before use. 
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2. Combination of ether with oxygen. 

Pour a few drops of ether into a beaker or wine-glass, and 
cover the glass partially with a card, to the':centie of which is 
attached the wire carrying the ^ongy platinum (or a coil of 
platinum wire) pievioubly heated to redness in a lamp, so that it 
ma}’ hang down within the glass neatly to the bottom. Pun- 
gent vapours of aldehyd are at once pioduced, and this com- 
pound is further oxidised to hydrogen acetate. The presence 
of the latter may be shown by holding in the beaker a strip of 
blue litmus paper, which will be strongly reddened 

Teats for compounds of Platinum. 

[The solution of platinum perchloride may be used.] 

*1. Their solutious, when acidiflod and tested with 
hydrogen sulphide, give a black precipitate, soluble 
in potassium hydrate and ammonium sulphide. 

Dilute a few drops of the solution with 5 or 6 c.c. of water, 
add solution of hydiogen sulphide, and wann it, A black pre- 
cipitate of platinum peisulphide will be formed, which will 
dissolve, but only with difficulty, in excess of solution of potas- 
sium hydrate. 

*2. With potassium salts they give a yellow crystalline 
precipitate. 

Add a few drops of dilute hydrogen chloride to a little of the 
solution of platinum perchloride (which should not be diluted 
with water), and then a drop or two (not sufficient to neutralise 
the acid) of solution of potassium hydrate, and stir the mixture 
with a glass rod if the piecipitate does not form at once. A 
yellow crystalline precipitate will be more or less quickly formed, 
especially along the lines where the sides of the tube were 
touched by the glass rod. This c6nsists of platinum-potas- 
sium chloride (KPtClj), analogous to the platinum-ammonium 
chloride already prepared. 

* The successive stages of the oxidation may be expressed os follows 
Ether.f Aldehyd. 

[i) 2 C,HjjO -H 2 Oj =■ 4 CjHiO + 2 HjO 

Aldehyd. Hydrogen acetate. 

(ii) 4(AiHi0 + 202 = 4H(CjHs0)0 




IRON. 


397 


Group III. 

Metals which are separated from solutions by 
’ Ammonium sulphide. .. 

Iron, C'oiiai.t, Nickf.i., Man'canesk, CiiRojiruM, Aluminium, 

Zinc. 


» 1. IROIT. 

[Symbol of atom, Fe (ferrum). 

Weight ,, 56 hydrogen-atoms.] 

The most valuable ores of iron are the oxides, occurring in 
the minerals Haematite (Fe„ 0 ,) and hfagnetite (FejOJ, and tlie 
carbonate, Clay Iionstone (Fe CO,). For the process of smelt- 
ing these ores'a text-book must be referred to; the action of 
the reducing gases obtained from coal upon iron oxides may be 
shown on a small scale as follows : — 

Powder a little haematite (or lougc, if haematite is not at hand) 
vciy finely, and put some into the bend of a roasting-tube, 
fig. 91, p. 343. Connect the long branch of the tube with the 
gas supply, pass a moderate stream of coal gas through it (the 
rapidity of the current can be judged of by lighting the gas at 
the outer end of the tube), and heat the iion oxide in the flame 
of a Bunsen burner. The red substance will soon turn black 
owing to its reduction to metallic iron ; oxygen having been 
withdrawn from it by the carbon monoxide (which plays the 
most important part in the actual smelting fuinace), hydiogen, 
&c., present in coal gas. Allow the 1 educed metal to cool, still 
continuing a slow stream of gas, to prevent access of oxygen ; 
and use it in expt. 2 {b). 

Preparation of compounds of Iron. 

O 

Foimula of molecule 

[Typical examples, — Iron magnetic oxide, Fe^Oj 
„ peroxide, Fe^O, 

„ protosulphate, FeSO, 

, , persulphate, Fe ,( S Oj) ,] 

1. Iron magnetic oxide. 

Clean a small stiip of sheet iron with a file or with emery 
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paper, until it shows a bright metallic suiface; then hold it 
with a pair of pliers or crucible tongs in the flame of a Bunsen’s 
burner or spiiit lamp. The surface will soon lose its lustre, 
becoming in sirecession light yellow, orange, blue, and finally 
dark gray, owing to the foimaticrn of an extremely thin film of 
oxide. If the strip of non be maintained at a led heat for a 
few minutes (in a Herapath blowpipe flame or in an ordinary 
fire), the film of oxide will increase in 'thickness, and will be 
detached in the foim of black scales when the iron is quenched 
in a beaker of cold water. These scales consist of the same 
iron oxide as that which was formed when the watch-spring 
was burnt in oxygen (p. 123). When the black particles have 
settled to the bottom of the beaker, hold a magnet just under 
them, close to the glass, and observe that they Sre attracted by 
it, ranging themselves in lines as it is passed underneath them. 
From this property, and fiom its identity in composition with 
the native lodestone, this oxide of iion is called the magnetic 
oxide. 

2. Iron peroxide (ferric oxide)’. 

{a) Fill the bulb of an ignition-tube with powdered iron 
protosulphate, and heat it strongly in the flame of a Bunsen's 
burner, holding it nearly hoiizontally in the crucible tongs. 
The salt will first melt in its water of ciystallisation, then it will 
turn white, give off water vapour, and lastly, as the temperature 
rises neaily to redness, it will be decomposed, giving off vapours 
of sulphur dioxide and trioxide, the latter of which will combine 
with the water to form an extremely stiong kind of hydrogen 
sulphate, which w'ill redden litmus-paper held at the mouth of 
the tube. A led residue will lemain in the bulb, which consists 
of iioii peroxide, or sesquioxide ^ (the ordinary ‘ rouge ’ used for 
polishing, &c.), <- 

[This illustrates the derivation of the tenn ‘oil of vitriol’ applied 

* This (as well as the coriesponcling oxides of the other metals of this 
group) is often called a ‘ sesquioxide ’ (Lat. sesgui, one and a half) ; since 
the weights uf iron and oxygen piesent to the molecule are m the proportion 
of the weight of one iron-atom to one and a half times the weight of the 
oxygen- atom. » 

4 Fe SO, -1- HjO = a Fe^Oj -1- 2 SOj -I- 
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to hydiogen sulphate, since the old name for iron protosulphate 
is ‘green vitiiol.’ The acid thus obtained is called ‘ Noidhausen 
acid ’ from the place wheie it is made.] 

{Jt) Take the tiVie containing the letluced^iron made just 
now, p. 397, heat the black powder slightly if it ha.s become 
(ptuc cold, and shake it out upon a plate. It will catch file as 
It falls through the air, combining with o.xygen and forming iron 
peio.Mde. » 

[This ‘ pyrophoric ’ property of finely divided iron is more de- 
cided when louge has been taken for reduction. If no ignition is 
observed, put the powder into an iron capsule and heat it slightly 
in the air.] 

3. Iron protOBulphide. 

The prcpaiation of this has been desciibed already, p. 270. 

4. Iron proto- and per-sulphates. 

Iron foims at least two well-defined series of salts, in one of 
which (the protosalts) i atom of the metal replaces 2 atoms of 
a monovalent ladiclo, such as lij'drogen ; in the other (the per- 
salts) I atom replaces 3 atoms (or 2 atoms replace 6 atoms) of 
a similar radicle 

The conditions necessaiy to foim them are, as usual, excess 
of the metal for the protosalts, and excess of the non-metallic 
radicle for the persalts. But the oxygen of the air, or that dis- 
solved in the water, so readily determines the change of valency 
that it must be excluded as far as possible in preparing the 
piolosalts. 

A. Iron protosulphato (ferrous sulphate). 

Take about 2 gims. of fine iion wiie (or of iron filings, if 
wiie is not at hand), clean it from rust, if necessary, by drawing 
it between folds of emery-paper, form it into a small close coil 
and place it in a moderate-sized test-tube, in wdiich must be 
inserted a cork fitted with a glass jet to allow gas to escape. 
Pour on the iron about 10 or 12 c.c. of dilute hydrogen sulphate. 


' This will be seen by con!])aring the fonnulae of each of the two iron 
sulph.ates with that of a (luantity of hydrijgen sulphate containing the s.ime 
number of atoms of the sulphate radicle. 

Iron protosiilphate, FeSO, I Iron persulphate,. Fe.j(SO,)3 
Hydrogen sulphate, H0SO4 j Hydrogen snlphate, Ho(S04)3 
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add a few drops of the strong acid, and warm gently if the 
action appears slow. Hydrogen gas will be given off with 
effervescence', the iion taking its place and forming iion 
protosulphate (compare the action of zinc on hydrogen sulphate, 
p. 125). Allow the action to go*Dn for 10 or 12 minutes (keep- 
ing up a brisk action by warming the liquid and adding a little 
more strong acid when required) while other experiments, such 
as those on p. 405, are proceeded with. ' When nearly (but not 
quite) all the iron has dissolved, pour half the solution into a 
small porcelain dish, and reserve the rest (taking especial care 
that some metallic iron remains in it undissolved, and that the 
tube is kept corked, otherwise some persalt will be formed) for 
experiments on the protosalts. 

B. Iron persulphate (ferric sulphate). * 

To prepare this from the protosulphate we have, practically, 
to cause two molecules of the salt [2 FeSOJ to take up one 
atom of the sulphate i-adicle [SOJ and form a molecule of the 
persulphate [^ 02 ( 50 ^),]. Excess of acid must therefore be 
present, and also some oxidising agent, such as hydrogen 
nitrate, the oxygen fiom which may combine with the hydro- 
gen of a molecule of the acid, and leave the sulphate radicle 
free to unite with the iron protosulphate. 

Take the portion of the solution which was poured off just 
now into the dish, add a few drops of dilute hydrogen sulphate, 
and heat it gently on a sandbath. Add strong hydrogen nitrate, 
a drop at a lime, as long as the addition of a drop causes a 
transient brown colour in the liquid Leave the dish exposed 
to a gentle heat for some minutes (in order to drive off any 
excess of hydrogen nitrate) while the following expeiiments 
are tried. 


' Fe + HjS 0 ,=FeS 04 + H2 

Observe the strong peculiar smell of the gas (pure hydrogen having no 
perceptible smell), which is due to the presence of traces of compounds of 
hydrogen and carbon, the latter element being always present in oidinary 
iron. 

^ The reason of this will be evident fiom the experiment already made 
with nitrates (p. 164). The hydrogen nitrate, by the loss of oxygen, is 
reduced to nitrogen" dioxide, which unites with the iron salt, forming a 
brown compound easily decomposed by heat. 
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Properties of Iron protosalts (Perrons salts). 

[These aio so veiy rc.adily converted into persalts by mere expo- 
suie for a few moments to air or to water containing air, that it is 
rsthor diliicult to observe their true reactions. In the following 
expeiimciits a diop nr two of Ae solution of iron protosulpliate 
should be added to the tube alieady containing the test solution, 
and the cork must be replaced at once.] 

1. Their solutions* when aoidifled and tested with 
hydrogen sulphide, give no precipitate or change of 
colour. 

Pour into a test-tube 2 or 3 c.c. of solution of hydrogen 
sulphide, and about two drops of the solution of iron proto- 
sulphate (which should be strongly acid to test-paper). This 
will produce no change, showing that iron differs from the 
group of metals last considered in not forming a sulphide in 
presence of acid. 

*2. With ammonium sulphide they give a black pre- 
cipitate, soluble in hydi’ogen chloride. 

To the clear liquid obtained in the last e.xpciiment add 
solution of ammonium hydrate (which will combine with the 
hydiogen sulphide, forming ammonium sulphide). A black 
precipitate of iron protosulphide will be formed, which will 
readily dissolve on addition of a few drops of dilute hj’ilrogen 
chloride. 

*3. With potassium hydrate they give a white precipi- 
tate, quickly turning black and then reddish brown. 

Pour into a test-tube a few drops of solution of potassium 
hydrate, add a little water, and then a drop or two of the solu- 
tion of iron protosulphatc. A giayish white flocculent preci- 
pitate of lion protohydrate (FeH„ 0 .^) will be fonned, which, if 
the tube is shaken for half minute, will lapidly become gieen, 
then black, and be finally converted into a reddish brown pei- 
hydrate (FeHgOj), by absorbing oxygen from the air, 

”4:. With potassium ferrocyanide they give a white 
precipitate, quickly turning blue. 

Pour into another test-tube a little solution of potassium 
ferrocyanide, add watei, and then a drog of the solution of 

D d 
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iron protosulphate. A precipitate will be formed of iron pioto- 
ferrocyanide, which is at the fiist moment nearly nhite, but 
rapidly changes to deeper and deeper shades of blue, when the 
test-tube is shaken, or when the solution is poured backwards 
and forwaids several times from one test-tube to another. Th's 
change of colour is due to its conversion by the action of the 
oxygen of the air into iron per-ferrocyanide, or Prussian blue. 

*5. With potassium ferrioyauide they give a deep blue 
precipitate at onee. 

Repeat the last expeiiment, using potassium ferricyanide ' in- 
stead of ferrocyanide. A deep blue precipitate of iron ferri- 
cyanide will be at once foimed, and will undergo no further 
change in the air. This forms the paint called ‘Turnbull’s 
blue.’ 

*6. With potassium thiocyanate (or sulphoeyanate) they 
give no change of colour or precipitate. 

To some solution of potassium thiocyanate diluted with 
water add a diop or tw'o of the solution of iron protosulphate. 
No change will take place at first in the solution, since iron 
proto-thiocyanate is colourless; but on shaking the test-tube 
the liquid will become light red, and eventually of the colour of 
dark sherry. The appearance of this red colour is an extremely 
delicate test for iron pei salts, as wall be seen, p. 404. 

*■ 7 . Heated in a borax bead they colour the beadyello-w 
in the oxidising flame, dull green in the reducing flame. 

Form a borax bead in the usual way (p. 100) and add to it a 
minute quantity of powdered iron protosulphate. Heat the 
bead again, holding it near the tip of the blue flame until the 
iron salt is dissolved, then bring it into the oxidising flame and 
hold it there steadily for a few seconds. On withdrawing it 
fiom the flame, you will find that (if' the right proportion of iron 

’ Potnssium ferricyanide is a Salt obtained by the combination of iron 
percyamde with potabsmm cyanide (just ns the fervocynnide is formed by 
taking iron protocyanide, p. 223). Thus, 

Iron per- ^Potassium Potassium 

cyanide. cyanide. ferricyanide. 

EeCys + sKCy = KafFeCyo) 

Practically it is prepared by the action of chlorine upon potassium ferro- 
cyanide. r 
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lias been taken) it is orange-coloured while hot, becoming light 
yellow as it cools. In the next place, heat it in the reducing 
flame for half a invnutc ; its colour will now be found to have 
cjianged to a dull gieen (like that of boltle-^ass), which be- 
comes paler on cooling. 

Properties of Iron persalts (Ferric salts). 

Pour into a le.st-tuba the solution of iron persulphate prepared 
alieady; notice that it has a yellow colour, while the solution 
of the protosalt was nearly colourless; add 30 c.c. of water, 
and examine poitions of the solution with the same tests as 
those applied to the proto'^alts, which may be applied in the 
usual way to portions of the solution, since iron pei salts are not 
altered in the air. 

*1. With hydrogen sulphide they give a white, milky 
precipitate of sulphur. 

[The precipitate forms more quickly if the solution is wanned.] 

This is owing to their reduction to protosalts ; the hydrogen 
of the hydrogen sulphide combining with some of the non- 
metallic radicle (in this case the sulphate radicle), while its 
sulphur is separated '. 

*2. With ammonium sulphide they give a black pre- 
cipitate. 

Add ammonium sulphide to another portion of the solution 
(which must he neutralised previously' with ammonia, if it is 
acid). A black precipitate of iron protosulphide will be formed, 
soluble (with the exception of a little sulphur which may 
separate) in dilute hydrogen chloride. 

*3. With potassium hydrate they give a reddish-brown 
precipitate. 

This consists of iron <perhydrate, and is unaltered when 
shaken up with air. 

“^4:. With potassium ferrocyanide they give a deep blue 
precipitate. 

This consists of ‘ Piussian b]ue,’jhe formation of which has 
been already mentioned, p. 223. 


‘ 2Fcj'SO,) 3+ 2HjS = 4 FeS 04 + 3lj2S0, + S2 
D d 2 
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6. With potassium ferrioyanide they give no precipi- 
tate, the UcLtiid turning brown. 

[If the solution of potassium ferricyanide'has been made for 
some time, it is liable to contain a trace of ferrocyanide, and then 
the solution becomes green instead of brown.] 

*0. With potassium thiocyanate they give a dark red 
licLuid. 

This should be tried, with one (or at most two) drops of the 
solution of the iron persalt m order to piove the delicacy of the 
test. 

’7. Heated in a borax bead they give the same results 
as the protosalts. 

r 

Conversion of salts of the one series into those of 
the other, 

A. Protosalts into persalts. 

The piinciple on which this may be done has aheady been 
explained, p. 400 ; and one mode of effecting it, viz. by hydro- 
gen nitrate, has been employed. Besides oxygen, however, 
other substances which have an affinity for hydrogen may be 
employed to withdraw it, such as chlorine. In this case the 
change is, by analogy, still termed an ‘ oxidation.’ 

Pour off the remainder of the solution of iron protosulphate 
into another test-tube (keeping back the undissolved iron), add 
a few drops of solution of chlorine, and warm the mixture '. 
The solution will now give the characteristic reactions of iron 
persalts, and portions of it should be examined by tests 
4 and 6. 

B. Persalts into protosalts. 

In this case we have to withdraw a portion of the non- 
metallic radicle from the molecule of persalt. This may be 
done by various ‘ reducing ’ agents (for instance, hydrogen sul- 
phide, as in expt. i, pi 403), but hydrogen in the nascent state 
is one of the best for the jmrpose. 

Add a few drops of dilute hydrogen sulphate to the remainder 


a FeSPi + HjSO* + Ch = Fe,(S04)s + 2 HCl 
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of the solution of iron peisulpliatc, place a fragment of granu- 
lated zinc in the solution, and lay a bit of paper or card on the 
mouth of the tube, to exclude air. Hydrogen will be evolved 
by the action of the zinc on the acid, and ttie solution wdl 
gradually lose its colour anti will give the reactions of iron 
protosalts, wb. a deep blue precipitate with potassium fern- 

cyanide, and a colourless solution with potassium thioevanate 

>» 

Additional Experimenta. 

1, Formation of Ink. 

Dissolve about half a granrme of iron piotosulpliatc in 10 c.c. of 
water, and add a few drops of solution of iron perchloride (to 
ensure the presence of a persalt), and then a little infusion of gall 
nuts or solution of hydrogen gallate (gallic acid). A bluish black 
precipitate of iron gallate will be formed, which will remain in 
suspension for a long time, owing to its finely divided state. 
Ordinary writing ink is thus made, a little gum being added to 
prevent the subsidence of the precipitate. 

2. Passive stats of iron. 

This is the name given to that condition of iron in which it is 
unacted on by strong hydrogen nitrate, probably owing to the 
presence of a thin film of oxide upon its surface (compare the 
protection of lead by a film of carbonate from the action of water, 
P- 349)- 

Pour about 2 c.c. of strong hydrogen nitrate (see note into a 
test-tube and put into it a strip of sheet iron or a piece of iron wire, 
thoroughly cleaned from rust with emery-paper. There will be a 
momentary action only, a few bubbles of gas being given off, and the 
iron may then remain for any length of time quite unacted on, and 
with its surface apparently bright. But if a few drops of water are 
added, a violent action begins at once, and the iron dissolves, with 
a I’apid evolution of nitrogeiyoxides. 


‘ Fe,(S 04 ) 3 +n, = 2FeS0, + H,S 04 

’ The presence of the zinc salt will not interfere with these reactions, if 
the solution contains hydrogen sulphate. 

’ The acid must not lie of lower density than 1 . 35 . The strong common 
acid, such as is used for Grove’s battery, still do. If this is not at hand, 
add to the ordinary laboiatory acid about half its volume of strong hydro- 
gen sulphate, which will concentrate it by withdrawing wdter. The mixture 
should be cooled before the iron is put in. ^ 
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Properties of SteeL 

1. Annealing of steel. 

Take a piece <^f thick watch-spiing, or clockf-spring, about i cm. 
bioad and lo or 12 cm. long, heat^the whole of it to redness in the 
flame of a llunsen’s burner, and allow it to cool slowly, withdrawing 
it by degrees from the flame, in the same manner as in annealing 
glass, p. 27. It will be found, when cool, to have lost its elasticity 
almost entirely, being pliable enough to be bent into any shape, and 
soft enough to be pretty easily scratched with a file. 

2. Hardening of steel. 

Straighten the piece of steel which was just now annealed, heat it 
again to a uniform redness in the flame of a Herapath’s blowpipe, 
and plunge it quickly into a jug of cold water. This sudden cooling 
will be found to have had the effect of making i^ extremely hard 
and brittle, so that no file will sciatch it, and a bit may be broken 
off the end almost as easily as if it was glass. It is even harder 
than glass, for its edge will make a sciatch on a piece of glass. 

3. Tempering of steel. 

It has been seen that steel, if heated to redness and cooled very 
slowly, becomes soft. If, however, it is only heated slightly \k loses 
no more than a portion of its hardness ; and the amount lost 
depends entirely upon the temperature to which it has been laised. 
This is the principle of the process of ‘tempering’ steel; the tem- 
perature being usually judged rather roughly by obseiving the 
colour of the film of iron oxide formed in consequence of the heat. 
A yellow colour implies a very thin film (and a temperature of about 
250°), and a blue colour denotes a thicker one (and a temperature of 
about 300°) ; and thus, by watching for the appearance of a par- 
ticular colour and stopping the rise in temperature directly it 
appears, any desired degree of hardness may be obtained. To 
illustrate this, — 

Take the stiip of steel which has just been haidened, lay it flat 
upon a piece of board and rub it gently with a piece of moistened 
whetstone (or with a bit of wood dipp'ed in fine emery made into 
a paste with water) until it becomes quite bright. Now lay it upon 
a strip of sheet iron and heat it again veiy carefully, holding it at 
some distance above the flame and moving it to and fro, so as 
to heat it uniformly. The suiface of the steel will soon begin to 
show the same succession of tints as the iron in expt. I, p. 397, 
passing from yellow to orange and blue. When it has just reached 
this latter tint, pluiigq,it into cold water, to stop any further action 
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of the heat. You will now find that it has regained in a great 
measuio the properties of the original watch-spring; that it is stiff 
and elastic, and that its stiifacc can be filed away, though with 
difficulty, and imich’to the damage of tlic file. the application 
oT lietU had been stopped when, the suifacc became straw-yelhnv, 
the hardness would have been less lediiced, and the temper would 
have been such as is required for rarnis and tools for cutting steel. 

4. Kelation of ii'on and steel to magnetism. 

Iron is the most strongly magnetic of all bodies; i.e. it is at- 
tiacted strongly when a magnet is held near it. This is due, in 
fact, to its becoming a mag'nct itself, with poles opposite in kind to 
those of the magnet which causes or ‘induces’ them. 

Support a btiip of sheet iion, 6 or 7 cm. long and I cm. broad, 
vertically in a Bunsen’s holder, and bring close to the upper end of 
it one pole (r.a'.aho N. -seeking, or maiked, pole) of a small strong 
hoiso-shoe magnet. The lower end of the stiip of iron will now show 
magnetic piopcitios, and will attract a short bit of wire ' or a small 
iton nail held near it. This in its turn will become a magnet, and 
will attract another bit of wire, and thus several may be hung from 
the stiip of iion. But as soon as the inducing magnet is with- 
drawn, near))' all the magnetic properties of the iion cease to show 
themselves, and the bits of wire diop off. 

Steel, on tlic contrary, is not only magnetic m the above sense, 
but is (especially when hardened) capable of being magnetised 
permanently by several methods, of which the following is the 
simplest. 

Lay the strip of steel, which was tempered just now (or a similar 
piece of watch-spring), on the table, and hold it down by pressing 
the forefinger on its centre. Bring down the N.-sceking pole of 
the horse-shoe magnet vertically on the middle of the strip, and 
move it lo one e.vtremity, rubbing it lather strongly upon the surface 
of the steel. Then bring it back at a distance through the air to the 
centie of the stiip as before, and again pass it along to the ex- 
tremity. Repeat this abouj^six times, and then mb the other half 
of the stiip with the o/her (f.r. the S.-seeking pole) in the same way 
and for the same number of times. Remember to move the pole 
along the strip always in the same diiection, vis. from the centre to 
the end, and to bring back the magnet to the centre in a wide curve 


‘ A dozen, or more, bits of thin annealed non wire, about I cm. long, 
should be cut. 
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through the air, otherwise the magnetism already imparted will be 
weakened. 

The bit of steel will now be found to be a ^permanent magnet, 
that end being r^he N. -seeking pole which was rubbed with the 
S. -seeking pole of the horse-shoe. ' 

(a) Touch some small bits of iron wire (or nails) with it ; they 
will be stiongly attracted. 

{b) Hang it in a small stinup of paper, suspended by a fine bit 
of cotton (or a long hair) from a Bunsen’s holder : it will range 
itself N. and S. like the compass needle, and its N. -seeking 
pole will be repelled by the N.-seeking pole of the horse-shoe 
magnet (the other pole of the horse-shoe being kept out of the way 
as much as possible) ; whereas if a strip of sheet iron is hung in 
the same way both ends will be attiacted indifferently by the magnet. 

ic) Lay it flat on the table, place a sheet of paper upon it, and 
scatter some iion filings upon the paper ; then tap the paper so as 
to allow the filings to awange themselves in obedience to the 
magnet underneath. They will place themselves in regular cuives, 
maiking the direction of the lines of magnetic force. 


2. COBALT. 

[Symbol of atom, Co. 

Weight „ S 9 hydiogen-atoms.] 

This metal is not of very common occurrence. The chief 
use of its compounds, viz. for imparting a deep blue colour to 
glass and china, has been illustrated already, p. 309. 

Preparation of compounds of Cobalt. 

Formula of molecule. 

[Typical examples, — Cobalt nitrate, Co(N03)2 
„ chloride, CoCl, 

„ sulphide, CoS 

„ protohydrate, CoHjO, 

„ perhydrate, CoHsO, 

A solution of cobalt nitrate (1-5 gnn. of the salt dissolved in 
30 c.c. of water) may be used.j 

L. Cobalt ohloridc. 

Cobalt nitrate .is the compound of the metal most generalh' 
met with, and fiom i^the chloride can be readily piepared by 
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healing \'ith hydrogen chloride (a method often employed in 
analysis to get lid of nitrates when their piesence would interfere 
with the tests). 1 

< I’ut 5 c.c. of solution of cobalt nitrate into a^sinall porcelain 
dish, add about 2 c.c. of strong hydiogen chloiide, and evaporate 
it neatly (but not quite) to dryness, in a draught-cupboard. The 
nitrate will be entirely decompo.sed with formation of nitrosyl 
chloride and chlorine^ (as in the foiination of aqua regia) and a 
deep blue solution of cobalt chloiide will be formed. On adding 
a few drops of water, it will turn ted, otving to the foimation of 
a salt containing several molecules of water of crystallisation. 

[Keep the solution for a future experiment, p. 41 1.] 

2. Cobalt potchydrate (cobaltic hydrate). 

This coiresponds to iron perhydrate (expt. 3, p. 403), and is 
one of the few stable [lei salts of cobalt. In the case of iron, 
tlie piotosalts most readily pass into persalts; in the case of 
cobalt the protosalts do not show much tendency to become 
pel salts unless they are acted on by a powerful oxidising agent, 
such as a hypochlorite. 

Add a little freshly made solution of bleaching powder to 
some solution of cobalt nitiate in a test-tube. A black pre- 
cijiitate of cobalt perhydrate will be formed, owing to the action 
of the calcium hydrate and h3’pochlorite piesent in the bleaching 
powder (p. 242) 

If some moie solution of bleaching powder is added, and the 
mixture wanned, oxygen will be given off (as alieady noticed, 
p. 243) : possibly owing to the formation of a still higher cobalt 
hydrate (as in the case of chromium, p. 427) and its immediate 
decomposition into oxygen and cobalt perhydrate. 

Properties of compounds of Cobalt. 

1. Their solutions, if acid, when tested with hydrogen 
sulphide, give no precipitate. 

Add to a poition of the solution of cobalt nitrate two or 

‘ CoCNOjh + SHCl - CoCl, + 3NOCl + 4H.iO + 2 CU 

“ 4Co(N03h + 4CaH,03 + CXC10), + 3H30 ' 

- 4 CoH 303 -t 4 Ca(N 03 ), + CaCl, 
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thiee drops of dilute hydrogen chloride and then some solution 
of hydiogen sulphide. No precipitate will be formed, showing 
that cobalt cannot, like the metals in Groi^p II, be separated 
fiom acid soluti6ns by hydrogen sulphide. , 

*2. Their solutions, if neutral or alkaline, when tested 
with ammonium sulphide, give a black precipitate, 
scarcely soluble in cold dilute hydrogen chloride. 

Test another portion with a drop of solution of ammonium 
sulphide. A black precipitate of cobalt sulphide will be formed. 
Add to this i or 2 c.c. of dilute hydrogen chloride; the pie- 
cipitate will scarcely dissolve, even when heat is applied. If, 
however, two or three diops of stiong hydiogen nitrate are 
added (so as to foim aqua regia) the cobalt sulphide will be 
decomposed and dissolved '(except, possibly, a slight white 
lesidue of sulphur). Observe that, though the addition of a 
very little hydrogen chloride was sufficient to prevent the forma- 
tion of the sulphide (in expt. i), yet a much laiger quantity 
failed to dissolve it when once foimed’. 

[This is the basis of a method of sepaiating cobalt (and nickel) 
from the other metals of this gioup which form sulphides readily 
soluble in cold dilute hydrogen chloiide.] 

*3. With potassium hydrate they give a light bluish 
precipitate, turning brown on boiling. 

Test another portion wiih solution of potassium hydrate. 
A light blue piecipitate, consisting of a basic cobalt salt, will be 
foimed; which does not dissolve in excess of the precipitant, 
but becomes reddish brov\n when the solution is boiled for a 
minute or two, owing to its conversion into cobalt protobj'drate 
(Co H^Oj). This change is very slow unless an excess of 
potash is present. r 

*4. Heated in a borax bead they give a deep blue 
transparent bead, both in the oxidising and reducing 
flames. 

This may be tried in the,.usual way, as directed on p. too. 


* Compare what wt^ noticed in the case of lead sulphate (p. 348). 
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Additional Experiments. 

1. Change in colour of Cobalt chloride when heated. 

^ Cobalt chloride scpaiatcs fioin its solutions inured ciystals con- 
taining six molecules of water uaited with each molecule of the salt. 
These when slightlj’ heated give up their watei of ciystallisation, 
leaMiig the anhydrous salt, which is blue. But this latter sub- 
stance quickly absorbs ^vater again, becoming once more the pink 
hydrated salt. 

Take the pink solution of cobalt chloride aheady piepared, 
p. 409, and trace letters with it on a sheet of writing paper with a 
glass rod or a camel’s-hair lirush : then allow them to dry in the 
air. The letteis will now be only faintly visible fioin their pink 
colour (if pink paper is used they will be scarcely visible at all). 
Now warm thcpaper \ery gently by holding it before a fire or at 
some distance over a lamp. As it gradually gets warm, the letteis 
will appear in deep blue, owing to the loss of water of crystallisation 
as above explained. Discontinue the heating as soon as the abote 
lesult is obtained (otherwise the salt may be decomposed entiiely), 
and bieathe upon the paper or hold it in a curient of steam fiom 
a kettle, or elbow-tube attached to a flask of boiling water. Water 
will be again absoibed by the cobalt chloride, and the original 
faint pink salt will be obtained, the letters almost disappearing. 

This illustrates what was formerly called a ‘sympathetic ink,’ 
in which secret messages could be written which only appeared 
when warmed '. 

*2. Preparation of Cobalt-potassivim nitrite. 

Add to about 2 or 3 c.c. of the solution of cobalt nitrate five or 
six drops ol hydrogen acetate and then a little solid potassium 
nitiitc (about as much as will lie on the end of a spatula). Warm 
the liquid gently (but do not boil it), and set it aside in a warm 
place for a day. A blight yellow precipitate of cobalt-potassium 
nitrite (the paint known as ‘ cobalt yellow ’) will giadually form, and 
the whole of the cobalt wiW eventually though slowly be separated 
fiom solution. 


‘ Paper or card, covered with cobalt chloride, serves as a rough hygro- 
meter; remaining pink as long as the air is nearly satuiated with water 
vapour, but turning blue when the aii is compiiratively dry. 

It may be interesting to notice that if^hree or four drops of a very con- 
centrated solution of cobalt chloride are diluted with 4 or 5 c.c. of alcohol, 
a liquid is obtained which is red when cold, but tum^deep blue when the 
tube containing it is put into hot water. 
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This illustrates a method (probably the best) of separating cobalt 
from nickel, since nickel forms no similar insoluble double salt 
under the above conditions. 

It 

f 

3. NICKEL, 

[Symbol of atom, Ni. 

Weight „ 59 hydiogen-£,toms.] 

The close analogy between nickel and cobalt as regards their 
ores, their physical properties, the weight of their atoms, and 
the compounds they form, should be studied with care. If any 
metallic nickel is at hand, it should be tested with a magnet. 
It will be found to be attracted by the magnet, like iron, but 
not so strongl}'. 

Nickel is now used in large quantities for coating other 
metals, such as iron, to preseive them from rust. For this 
purpose it is deposited on their surfaces by decomposing a 
solution of nickel-ammonium sulphate by means of an electric 
current, as silver is deposited in electroplating. This may be 
illustrated on a small scale as follows : — 

Clean a strip of copper, about lo cm. long and i cm. btoad, 
with emery-paper, and bend it into the form 
a shown by the thin line in fig. 96, the end a 

/ I forming a clip in which is to be placed a strip 

y of zinc of the same breadth and 4 or 5 cm. 

, long, bent as shown by the thick line in the 

*&• „ 

figure. 

Dissolve 2 grms. of nickel sulphate in 20 c.c. of water, and 
add to the solution 10 c.c. of solution of ammonium chloride 
(the ordinary laboratory solution). In this way the double 
salt, nickel-ammonium sulphate, Ni''(HjN)j(SO,)2, is formed, 
which is found to yield the best deposit by electrolysis. 
Pour the solution, which should be just neutral, into a small 
porcelain dish, and put into it the strip of copper in the position 
shown in the above figure, so that the hoiizontally-bent portion 
of the zinc dips, below the surface of the liquid : then leave 
it undisturbed for h^lf an hour. A galvanic action will be 
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set up between the zinc and the copper, and the curient 
in passing through die solution will decompose it; metallic 
nickel being deposited as a steel-gray, fiimly-adherent film on 

t^ie coppei. s 

1 

Properties of compottnds of Nickel. 

of 

molecule. 

[Typical examples, — Nickel sulphate, NiSO^ ' 

„ sulphide, NiS 

„ hydrate, NiHjOj 

A solution of nickel sulphate containing i grm. dissolved in 
30 c.c of water may be used.] 

The following experiments may be made in the same way as 
already directi^d in the case of cobalt; the resemblances and 
differences in the pioperties of the salts of the two metals being 
put down side by side in paiallel columns in the note-book. 

* 1 . Their solutions, if acid, when tested tvith hydro- 
gen sulphide, give no precipitate. 

*2. Their solutions, if neutral or alkaline, when tested 
with ammonium sulphide, give a black precipitate 
of nickel sulphide, scarcely soluble in cold dilute hy- 
drogen chloride h 

*3. With potassium hydrate they give a light green 
precipitate, unaltered on boiling. 

This precipitate consists of nickel piotohydrate (not, as in the 
case of cobalt, of a basic salt). 

*4. Heated in a boras bead they colour the bead 
brownish red in the oxidising flame, gray and turbid 
in the reducing flame. 

This must be carefully distinguished from the results obtained 
with manganese compounds. The bead obtained with the latter 
is violet, and loses its colour but does 7/0/ become turbid in the 
reducing flame. 

' This precipitate of nickel sulphide is very sliglitly soluble in ammo- 
nium sulpliicle, so that on filtering liqnid.s containing nicleel sulphide in 
presence of excess of ammonium siilphiSe the filtrate has a characteristic 
dark brown colour. The traces of nickel thus dissolved may be separated 
by evaporating the solution until the excess of ammbnuim sulphide has 
been decomposed, and then filtering again, ^ 
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It may be worth notice that the green colour of a solution of 
nickel sulphate is almost exactly complementary to the red colour 
of a solution of cobalt nitrate. Each solution, in fact, absorbs just 
those rays whicl^ the other can transmit : so that when a test-tube 
containing a solution of one of the,above salts is held behind a tesc- 
tube containing a solution of the other salt, if the strengths of the 
solutions are properly adjusted, very little light survives the ab- 
sorptive power of both of them : only a dusky brown tint appearing 
in the transmitted beam. If the solutions are very concentrated 
no light will get through at all. 


4. MANGANESE. 

[Symbol of atom, Mn. ' 

Weight „ 55 hydrogen-atoms.] 

Compounds of Manganese. 

Formula of molecule. 

[Typical examples, — Manganese dioxide, MnOj 

,, protosulphate, MnSOi 
„ protochloride, MnCl^ 
Potassium manganate, K2Mn04 
„ permanganate, KMn04] 

Nearly all the compounds of manganese are obtained from 
the dioxide, which forms the very abundant mineral called 
Pyiolusite. It can be made both {a) to give up oxygen (and 
thus form salts related to lower oxides), and {b) to combine 
with more o.xygen (and thus form compounds corresponding to 
higher oxides). 

1. Decomposition of Manganese dioxide by heat. 

Place a little dry manganese dioxide in a small test-tube and 
heat it in a Bunsen’s burner as stroi7gly as possible. It will, at 
a red heat, give off a portion (one-third) of the oxygen it con- 
tains, leaving a dull reddish lesidue consisting of a lower oxide 
of manganese h The presence of oxygen in the tube may be 
proved by a glou ing cedar •epill in the usual way. 


jMnOa = MujOj + Oj 
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This reaction is of interest, as showing the method by which 
oxygen was fonneily obtained on a large scale, before potassium 
chlorate could be cheaply obtained. 

,2. Decomposition of Manganese dioxid® by hydrogen 
sulphate. ' 

Mix a little manganese dioxide wdth 2 or 3 c.c. of strong 
hydiogen sulphate in a test-tube, and heal the mixtuie cautiously. 
An effervescence will ?oon commence, ouing to the evolution of 
oxygen, which may be tested foi in the usual way. In this 
reaction one-half of the total oxygen contained in the man- 
ganese dioxide is given off, the rest uniting with the hydrogen of 
the acid ; manganese protosulphate is also formed’. 

If the mixture is left to cool, and then 5 or 6 c.c. of water added, 
a light pink solution of manganese protosulphate will be obtained. 
It is, however, contaminated with iron protosulphate (since Pyro- 
lusite always contains iron oxide), from which there is some 
difficulty in fleeing it entirely; the best mode is to evaporate the 
liquid to dryness and heat the residue to full redness, when the 
iron piotosulphato is decomposed (p. 398), while the manganese salt 
lemains unalteied and can be dissolved out by water. 

3. Preparation of Manganese protoebloride. 

Place 0-5 gim, of manganese dioxide in a porcelain dish, 
add 6 or 7 c.c. of strong hydrogen chloride, and heat the 
mixluie gently on a sandbatli, taking great care that none 
of the chlorine evolved escapes into tlic room. The reaction 
has been already explained under chlorinr, p. 231. The 
OX) gen of the manganese dioxide is not, in this case, evolved 
as gas, but combines with the hydrogen of the hydi ogen chloride, 
forming water. Part of the chlorine unites with manganese 
to form manganese proiochloiidc, while the rest is evolved as 
gas. 

When all the black oxide has disappeared, evapoiate the 
liquid to complete dryness, and heat the light pink residue 


‘ 3 MnO, + 2 HnSO, = 2 Mn.SOi + 3 H^O + O, 

Thus more o.vygen is obtain.ible from a given weiglit of manganese dioxide 
by this leaction than by simply heating the substance. It will be useful to 
calculate the volume of o.xygen obtainable from, say, '10 grms. of the di- 
oxide by each of the two methods. 
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rather strongly (but not quite to redness), in order to decom- 
pose or volatilise any iron chloride which has been formed, 
owing to the presence of iron as an impurity in the manganese 
dioxide. Warn? the residue, when cool, with 20 c.c. of water, 
filter the solution and use it in the following experiments. 

Properties of Manganese protosalts. 

*1. Their solutions, tested with ainmonium sulphide, 
give a dull pink-ooloxired precipitate. 

Test a portion of the solution of manganese protochloride 
with a drop or two of solution of ammonium sulphide. This 
will produce a pink* piecipitate of manganese sulphide, readily 
soluble on addition of a few drops of dilute hydrogen chloride. 

*2. "With potassium hydrate they give a grayish pre- 
cipitate, soon turning brown. 

Test another portion with a drop of solution of potassium 
hydiate. A neaily white precipitate of manganese protohydrate 
(MnH^Oj) will be formed, which will soon become brown on 
agitation, passing into the perhydrate (MnHjOJ owing to ab- 
sorption of oxygen from the air. 

*3. Heated in a borax bead they colour the bead 
violet in the oxidising flame, but it loses aU colour 
in the reducing flame. 

Make a borax bead, add to it a minute quantity of manganese 
dioxide, and heat it in the oxidising flame of the blowpipe. 
The bead will be colouied violet, but when heated for a short 
time in the reducing flame, it will become colourless. The 
reason of this has been already explained, p. 102 . 

*4. Heated in a bead of sodium carbonate they colour 
it bluish green. 

Make a bead of sodium carbonate (p. 309), add to it a 
trace of manganese dioxide, and heat it in the oxidising flame. 
The opaque bead will, when cold, be of a bluish green colour. 
This is due to the formation of sodium manganate (analogous 

R ' 

1 If any iron salt is present, the precipitate will be dark in colour. The 
solution of manganese piotochloridc must be evaporated to dryness and 
ignited again more strongly, to decompose the last traces of iron salts. 
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to potassium manganate), which will be prepared in the next 
experiment. 

Preparalion of Potassium mangauate. 

We have in this case an example of the way in which man- 
ganese dioxide combines with more oxygen to iorm an electro- 
negative radicle (MnO,), somew'hat analogous to the sulphate 
ladicle (SO4). This ’takes place when it is heated with an 
oxidising substance, such as a chlorate, in presence of a base, 
such as potassium hydrate, which can combine with the ladicle 
formed. 

Make a mixture of 2 grms. of manganese dioxide with 
t-5 grm. of potassium chlorate, and place it in an iron capsule, 
or spoon. Dissolve 3 grms. of potassium hydrate in 2 c.c. of 
water, and add the solution to the mixtuie in the spoon, Stir 
the whole together, and evapoiate it to dryness over the lamp, 
stirring it, as it froths up, with an iron wire; then heat the dish 
neatly to redness, and keep it at that tenipeialure for two or 
three minutes'. The dark green, semi-fused mass which is 
formed consists of potassium manganate, and was foimerly 
called ‘mineral chameleon,’ from the changes of colour which 
its solution undergoes, as will be presently observed. 

Preparation of Potassium permanganate. 

This is obtained by the decomposition of the manganate, 
which shows a great tendency to split up into a compound 
containing more ox3-gen, viz. a permanganate, and a com- 
pound containing less oxygen, such as manganese dioxide or 
protoxide (compare the decomposition of chlorates, p. 249, 
note). 

Grind some of the potassium manganate, obtained in the 
last experiment, to fine powder, place a little of it (not more 
than will lie on the end of a penknife) in a test-tube and add 
about 10 cc. of cold water. The salt will ready dissolve, 
foi riling a dark green liquid. 

1 SMnOj + OKHO + KClOa =■ sK.MnO^ + KC 1 + 

E e 
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(a) Pour about i c.c. of this solution into another test-tube, 
and add enough water to nearly fill the tube. The colour of 
the liquid will (more or less quickly, according to the amount 
of free alkali piresent) change first to a dusky neutral tint, and 
then to a fine purple, owing fb formation of potassium per- 
manganate 

ib) Pour 4 or 5 c.c. of the solution into another test-tube, 
and heat it to boiling. The change of' colour will be much 
quicker in this case, and a flocculent blown precipitate of man- 
ganese dioxrde, or rather, the corresponding hydrate (MnH,,Oj), 
will be formed. 

{l) Add to the remainder of the solution a few drops of 
dilute hydrogen sulphate. The formation of the purple potas- 
sium perTnanganate will be immediate in this 'case; no pre- 
cipitate occurs, since manganese protosulphate is produced 
and remains in solution ^ Dilute the liquid with 30 c.c. of 
water, observing how slightly the intensity of the rich purple 
colour is lessened by dilution, and keep it for use in the next 
experiments. 

Properties of the Permanganates. 

These salts are chiefly remarkable for the readiness with 
which they give up oxygen, passing (when an acid is present) 
into the condition of colourless manganese protosalts. Hence 
they are much used as oxidising agents in the laboratory, and 
also on the large scale as disinfectants (‘ Condy’s fluid ’ being 
a solution of sodium permanganate). To illustrate this, — 

(a) Add to a portion of the solution of potassium perman- 
ganate (containing free hydrogen sulphate) a few drops of solu- 
tion of hydrogen sulphite The purple colour will immediately 
disappear, the permanganate giving up oxygen to the hydrogen 
sulphite, to form a sulphate k 

{h) Add to another portion about one-third its volume of 


» 3KjMn0* + 4H„0 = 2KMnO, + 4KHO + MnHi 04 
^ 5K2MnO, + 4H.,S()4 = 4K'MnO4-r3KjS04 + MnS0, + 4Ha0 
“ If this is not at hand, a freshly-made solution of sodium sulphite, acidi- 
fied with hydrogeif sulphate, may be used. 

* sKMnOj + sHaSO^ = KiSO^ + a MnSOrr sH^SO, + sH.O 
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dilute hydrogen sulphate, and six or eight drops of solution of 
aininonium oxalate, and warm it. The liquid will gradually 
become brown and,llnally coloutless; the oxalate being oxidised 
to cat bon dioxide’ (compaie the icaction of oxalates with man- 
ganese dioxide, p. 220). 

(t) Add to anothei portion a few drops of a solution of iron 
jirotosulphate. The p^uijrle colour will disap])ear ; the iron 
protosalt being oxidised to a persulphate. This is the basis of 
a process for determining the value of iron 01 es. 

(d) Put about 200 c.c. of lain-water (or water from a stag- 
nant ditch”) into a flask, add 5 c.c. of dilute hydrogen sulphate 
and about three drops of the solution of jieiinanganale (not more 
than suflicient fp eoloui the liquid decidedly pink) ; then leave 
it to stand for an hour or so. If the water contains organic 
mattei (or nitiitcs foimed by its oxidation), this will be oxidised 
(burnt, as it were) by the permanganate, and the pink colour 
will disappear. This illustrates the piinciple of a piocess for 
testing the wholesomencss of water to be used for drinking. 

Additional Experiment. 

Reduction of Permanganates to Mangauatea. 

A comparison of the foimuhu of the molecules of potassium 
peniiaiiganate (KMiiO^l and potassium inanganatc (K^MnO^l will 
show that the latter contains moie potassium in proportion to the 
amount of the other radicle than the former”. 

You have seen in expt. c., p. 418, that the addition of an acid to 
potassium raanganate withdiaws some of the potassium and causes 
the foimation of a perinang.inatc. Now it is easy, by rcveising tlie 
conditions, /.c. by adding an alkali to potassium peimanganate, to 
effect the reverse change and reduce it to a manganate. 

' 2 KMn + jH.j.SOi-r 5 HjCiO, — K^SOj + 2 Mu 80 , + 8 11^0 + loCCq 
This le.action is used iu volumetric analysis for dcteiinmiug tlie '■trengtli of 
a solution of potassium peimanganate; a known sveight of hydrogen oxalate 
being dissolved in watei, liydrogen sulphate added, and the solutiun of per- 
manganate dropped in carelully ns long as the purple colour is destroyed. 

If no such water is at liand, braise a lejf in a mortar, and boil it with 
a little water for half a minute ; add a or 3 c.c. of the liquid to 200 c.c. of 
oidinary water. 

” Compare the difference in tlie composition of the ferrocyanides (e.^. 
IC4FeCy,J and ferricyanldes (r.^, KjFeCy,). • 
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Add about 3 grras. of solid potassium hydrate to 3 or 4 c.c. 
of the solution of potassium permanganate, and warm the 
mixture. The purple colour will soon change to a dark neutral 
tint, and finallyr to a deep green, pioving that a manganate has 
been formed <• 


5. chromium;. 

[Symbol of atom, Cr. 

Weight „ 52-5 hydrogen-atoms.] 

Preparation of compounds of Chromium. 

Chiomium, like manganese, forms several distinct classes of 
compounds, in some of which {e.g. chromium sulphate) it is 
piesent as an electro-positive radicle, or metal, while in others 
{e.g. potassium chromate) it forms part of an electro-negative 
ladicle [Ci 0 ,]. 

A. Chromium Salts, 

Formula of molecule. 

[Typical examples,— Chromium sesquioxide, Ci^Os 

„ sesquichloride, Cr^Clj 

„ -potassium sulphate, CrK(S04), 
(‘ chrome alum ’) 

For the following experiments a solution of chromium-potassium 
sulphate (3 gims. of the salt dissolved in 30 c.c. of water) may be 
used.] 

The most stable and best-known series of these is that of the 
chromium persalts, or sesquisalts, corresponding to the iron 
persalts. 

1. Chromium sesquioxide. 

Add some solution of ammonium hydrate to about 8 or 10 
c.c. of the solution of chromium-potassium sulphate. A dull 
bluish gelatinous precipitate of chromium hydiate (CrHjOj) will 
be formed. Add sufficient ammonium hydrate to make the 


1 4KMnO, + 4KHO = 4KjMnO, + s H ,0 + Oj, 

The reaction really involves a Change in the valency of the manganese ; the 
])enmnganatc 3 being related to a hitherto-unisolated manganese heptoxide 
(Mn207), while the manganates are similarly related to an oxide having the 
formula MnOa (analog(;ms to sulphur Irioxide, SO3). 
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liquid smell slightly of it, showing that it is in excess ; waim the 
mixture, to promote the sepaiation of the precipitate ; then pour 
the whole on a filter, wash the precipitate thoioughly. and put 
tlje filter containing it to dry in a ]iorcelain dibh on the saiid- 
luth. ( 3 bseive that it shrinks* in bulk tonsiderahly in drying, 
especially if the temperature is pretty high, giving oil' watci and 
becoming chiomium sesquioxide ’, of an olive-green colour, 
sometimes used as a ^laint. Reserve it, when diy, for future 
experiments, p. 422. 

2. Chromiinn-potasaium oxide. 

To another portion of the solution of chrome alum add, drop 
by drop, solution of pota.ssium hydrate, shaking the mixture 
after each addition. The chromium hydrate, which is at first 
precipitated, wifl readily dissolve in e.xcess of potassium hydrate, 
forming a deep green solution of chromium-potassium oxide -. 
I'Be careful to add no more potassium hydrate than is required 
to dissolve the preci[iitate.] Roil this fluid for two or three 
minutes ; it will become turbid, and eventually the whole of the 
chioraium will be reprecipitated as liy'drate, in a form in which 
it is no longer soluble in potassium hydrate. 

Tests for Chromium salts. 

*1. Their solutions, tested with ammonium sulphide, 
give a dull bluish precipitate. 

Test a portion of the solution of chromium-potassium sulphate 
with a few drops of ammonium sulphide. A light bluish-gray 
gelatinous piecipitate will be formed, which consists of chiomium 
hydrate, and not chi omium sulphide, as might be expected ; since 
the latter is decomposed in presence of water, with evolution 
of liydiogen sulphide'’. 

*2. With potassium hydrate they give a dull bluish 


* aCrHjOj = CiaOj -I- jlIjO 

’ CrH.Oj + KHU = KCr0,+ 2H20 
The reaction is very simiUnr to that whiefl occurs lietweeii nrsenic trioxide 
and potassium hydrate, p. s6y : and the compomid should perhaps he 
called iJolasbium chromite (analogous to potassium arsciiite, KAsO.). 
’_CraS3 + CH„0 - jCrH.Oa + sHjS 
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precipitate, soluble in excess, but re-precipitated on 
boiling. 

This has been tried alieady, in the last expt. but one. 

*3. Heated in a borax bead they colour the bead brigl^t 
green both in the oxidising a‘nd reducing flames. 

This may l)e tried in the usual way, a very minute quantity 
(not so large as a pin’s head) of chrome alum being used. 

This illustrates an inipoitant use of bhromium compounds, 
T'lz. in colouring glass and painting on porcelain. 


B. Chromates. 

Formula of 
molecule 

[Typical examples,— Potassium chromate, ’ KjCrO^ 

„ dichiomate, KgCrjOT 
Lead chromate, PbCr 04 ] 

In these chromium foims part of the electro-negative radicle 
(CrO^), the analogy of which to the sulphate radicle (SOJ 
should be noted. They are related to chromium trioxicle 
(Cl O3), which can be obtained from them, as will be presently 
proved; and they can be easily obtained by the action of an 
oxidising agent upon chromium sesquioxide in presence of 
some basic radicle, e.g. potassium or sodium. 

1. Potassium chromate. 

Take the precipitate of chromium sesquioxide obtained in 
e.xpt. I, p. 421, mix it intimately with about the same quantity 
of potassium nitiate and of sodium carbonate (roughly mea- 
sured), and fuse the mixture in an ignition-tube. It \yill turn 
red, becoming yellow as it gets cooler ; the chromium sesqui- 
oxide having combined with oxygen and potassium from the 
potassium nitrate to form potassium dlrromate ’. 

Dip the bulb while still hot into a little water placed in a 
poicelain dish, \ihcn it will crack and the chromates will readily 


^ ' Cr.2 03 + 4KN0j = 2K2Cr04'*+Nj0i + Na03 
The above equation tioes not, of course, express fully what takes place 
Some sodium chrom.'ite is also formed, and a vaiiable mixture of various 
nitrogen o.xidea is given off. 
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ciisbolvc ill the Mater, forming a yellow solution. Pour this 
solution into a test-tube, and keep it for use in the next expt. 

2. Potassium diphromate. 

, This salt, as may be seen fiom the foiniulaj of its molecule 
(KT’rT I,), contains nioie cliruniuim ami oxigen (in fact, the 
elements of an additional niulcculc of chiomium tiioxide) com- 
bined with pulassium than the chromate (K.^CtjO^) Tliis 
alteiation in the proportions of basic and acid ladicle is readily 
elfected by withdi awing some of the poias.sium fiom the chro- 
mate by means of hydrogen sulphate. 

Add dilute hydiogeii sulphate, little by little, to the yellow 
solution of potassium cluomale obtained in the last expt. At 
first an effervescence M'ill occur, due to the decomposition of the 
excess of sodium caibonate used in making the salt; but when 
an excess of the acid has been added, the colour of the solution 
M'ill change from yelloM-to led, potassium dichroniate being iiom' 
foiincd°. This latter salt is much less soluble in water than the 
chioinatc, and if the solution is strong or if a saturated solution 
of potassium cliiomate is taken, the addition of excess of acid, 
M’ill cause the separation of piotassium dichi ornate as a red 
crystalline poM'der. 

[Some other chromates, such as lead chromate and silver chro- 
mate, have been prepared already.] 

Tests for Chromates. 

[A solution of potassium cliiomate, containing l gmi. of the salt 
dissolved in 30 c.c. of water may be used.] 

*1. Their solutions, if acid, ■when tested with hydrogen 
sulphide, give a white precipitate of sulphur, the colour 
of the liquid becoming^reen. 

Add to some of the solution of potassium chromate an equal 
volume of dilute hydrogen chloride (observing the change of 
colour due to the formation of a dichi ornate, as above explained), 

* KnCr.O, = KjCiO^ + CrOj ' 

Compare the composition of sodium dlbornte, p. 304, and of ‘ Nordhnusen' 
sulpliuric acid, hydrogen disulphute, p 39S, note. 

- 2K„CiO, + H,,SO, -- K.jCr„0, + K.jS04 + lI,0 
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then some solution of hydrogen sulphide, and warm the mixture. 
A white, milky precipitate of sulphur will be formed, and the red 
colour of the solution will change to green. , This is due to the 
reduction of thff chromate to chromium sulphate, some of its 
oxygen having united with the hydrogen of the hydrogen 
sulphide (compare the somewhat analogous leaction of iron 
persulphate, p. 403)- 

*2. With lead acetate they give a'" bright yellow pre- 
cipitate. 

This consists of lead chromate, which has been already pre- 
pared, p. 346. 

*3. With silver nitrate they give a purple-red pre- 
cipitate. 

This has been already applied as a test for silver, p. 326. 

*4. Heated in a borax bead they colour the bead bright 
green in both flames. 

This is the same reaction as that given by chromium salts, 
p. 422. 


E eduction of Chromates to chromium salts. 

Chromates, like permanganates, show a great tendency to give 
up oxygen, and are often used as oxidising agents. One ex- 
ample of this, viz. their action on hydrogen sulphide, has been 
given above. Their conversion into chromium persalts can also 
be easily effected by boiling their solutions, in presence of an 
acid, with alcohol ; some of the hydrogen of the latter being 
withdrawn by the oxygen of the chromate, forming water, while 
a substance called ‘aldehyde’ is given off'. 

Add to 4 or 5 c.c. of solution of potassium chromate about 
I c.c. of stiong hydrogen chloride and 2 c.c. of alcohol, and 
warm the mixture in a beaker. Vapours of aldehyde will be 
evolved, easily recognised by their pungent oppressive smell, 
and the red colour of the solution will change to gteen, owing 


Potassium , , Hydrogen Potassium Chromium atj u j -tur i. 
chromate. chloriL chlonde. chloride, aldehyde. Water. 

aK2Cr04 + sCjHjO -)-,ioHCl = 4KCI + Crj CI0 + sC^HiO + SHgO 
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to the formaiion of chromium sesquichloride as explained above. 
After boiling it for a minute, pour off half of the solution into 
a test-tube. , 

» ((?) Add to one portion two oi thiee times its* volume of water 
(to pieveut the jwccipitation of lead chloiide), and test it with 
solution of lead acetate. No yellow precipitate will be foimed’ ; 
this shovs that no chromate is now present. 

{b) To the remaintfer add solution of potassium hj'drate, drop 
by drop, until it is in excess. The formation of a gieenish 
precipitate, soluble in excess, shows that a chromium salt has 
been formed. 

[Other methods of effecting the same change are, 

1. The actiop of hydiogcn sulphite, which is analogous to its 
action upon permanganates, p. 418. 

2. The action of stiong hydrogen chloiide at a high temperature 
upon a solid chiouiate. In this case chlorine is given off (as with 
manganese dio.xide, p.231) ; and this process is sometimes used for 
preparing chlorine.] 


Additional lElitperiments. 

1. Preparation of Chromium trioxlde. 

It has been seen already (expt. 2, p. 423) that when hydrogen 
sulphate is added to a chromate part of the base is withdrawn, and 
a dichromate is formed. If, however, a great excess of strong 
hydrogen sulphate is added, the whole of the base is withdrawn 
and chromium tiioxide is sepauited*. This latter, though soluble 
m strong as well as in very dilute hydrogen sulphate, is insoluble in 
slightly dilute acid (containing about 16 per cent, of waterj, and 
may thus be almost entirely precipitated. 

Dissolve 2 gi ms. of potassium dichromate in 1 5 c.c. of water heated 
in a small beaker. Allow it to cool until cry'stals just begin to ap- 
pear, and then place the beaker on a plate (lest it should crack), add 
20 c.c. of strong common hydiogen sulphate, and stir with a glass 
rod. The liquid will, of course, get very hot, and the beaker should 
be covered with a glass plate or watch-glass, and set aside to cool. 


‘ If any yellow precipitate occurs, insoluble on warming tlie liquid, the 
reduction is not complete, nnd the lemainder of the solution must be ag.nin 
boiled with addition of a little more alcohol and acid. ' 

“ K,CiO,-i-H,SOi = K.,S 0 i-t-Cr 0 j-i-H ;0 , 



CHROMIUM. 


426 

Crimson crystals of chromium trioxide will be gradually deposited ; 
and when they have entirely subsided, the greater part of the liquid 
should be poured off, and the remaining mixture shaken up and 
transfeired to a funnel in the neck of which a'^ few loose asbestos 
fibres have been placed to prevept the ciystals falling througlf. 
The funnel should be covered with a glass plate to prevent absorp- 
tion of moisture by the trioxide. When the liquid has diained off, 
the mass of ci-ystals may be scraped out with a glass lod upon a 
dry poious tile or brick. Cover them with an inverted evaporating 
dish, and leave them until the liquid has been absorbed as far as 
possible by the brick. Half an hour will generally be sufficient for 
this purpose, and as the chiomium ttioxide is very deliquescent it 
should be protected as far as possible from the air, and not left longer 
than is necessary on the brick. When it is dry the following ex- 
periments may be tried with portions of it ; the remainder, if the 
crystals are good, may be kept as a specimen in a small stoppered 
bottle, 01 m a stout test-tube hei-metically sealed by drawing out the 
upper p.ait of it in the blowpipe flame. 

2. Properties of chromiiun trioxide. 

[a) It gives off oxygen when heated. 

Place a little chromium trioxide (which should be pretty free fiom 
adlieiing acid) in a small test-tube, supported neaily horizontally, 
and heat it. The substance will melt, and on being further heated 
will decompose with incandescence, leaving a green residue of 
chromium sesquioxide, while oxygen will be evolved, and may be 
tested for by a glowing splinter of wood. 

(/') It oxidises alcohol. 

Pour a few diops of strong alcohol into a small wide- mouthed 
gas-bottle, and shake it up so as to diffuse the vapour ; then throw 
into the bottle some of the chromium trioxide. The latter will be 
reduced to sesquioxide, the action being occasionally so violent as 
to set the alcohol on fire. 

3. Pormation of a higher chromium oxide. 

Although chromium trioxide so readil^y gives up oxygen, yet it is 
possible to get it to combine with more oxygen. For this purpose 
a very powerful oxidising agent, hydiogen dioxide, must be used; 
and the first step will be to prepare a solution of this by acting upon 
barium dioxide with hydrogen chloride (an action which will be 
more fully explained under BARIUM). 

Place a little barium dioxide * (as much as will lie on the end of a 


‘ For the inethqfl of making this substance see p. 439. 



CHROMIUM. 


427 

ipatula) in a ninrtar, powder it, if necessary, pour upon it about 7 or 
8 c.c. of dilute hydrogen chloride, and grind them togcthci until the 
peioxidc has entiicly dissolved, adding a little more acid at once 
if a stiong effeivcscfcnce, due to escape of oxygen, sets in (a mere 
^ight effervescence may be dijiiegardedj. A solution containing 
hydrogen dioxide will be thus obtained. 

(it) Place about half of this solution in a test-tube, and add throe 
or four drops of a solution of potassium chromate acidilied with 
hydiogen chloiide. Tfie colour of the solution will change to a 
deep blue, but in a second or two this will disappear, while o.xygen 
is given off with effervescence, and a pale gieen solution will be 
obtained. These changes of colour are due to the formation of a 
higher chromium oxide, which is very unstable, and decomposes, 
when hydrogen chloiide is present, with formation of oxygen and 
chromium chloiide. 

{/') This blue chromium o.xide (of which the constitution is un- 
certain) is much moie stable when dissolved in ether. To illustrate 
this, add to another portion of the solution of hydrogen dioxide 
sufficient ether to form a stratum about I cm. in depth ; pour in one 
or two drops of the solution of potassium chromate, immediately 
close the mouth of the test-tube with the thumb, and shake the 
mixture. If it is now allowed to remain undisturbed foi a minute, 
the ether will rise to the suiface,foiminga magnificent blue stratum, 
while the hqui'd below is nearly colourless. 

Aotion of light upon Chromates. 

When a soluble chromate is exposed to light in piesence of 
organic matter, it is reduced to an insoluble chromium sesquioxide, 
which adheres very closely to the substasicc, and, if the latter is 
gelatine, rendeis it quite insoluble also. This fact has lately found 
very extensive applications in the Autotype, Heliofypc, and many 
other punting piucesses. 

Dissolve 5 guns, of potassium dichroinate in 50 c.c. of water and 
filter the solution into a plate. Float upon it a piece of drawing- 
paper 10 or 12 cm. square (as directed, p. 337), covering the whole 
with a larger plate or inverted tray to piotect it from the action of 
light. [It is best, m fact, to make the experiment in a darkened 
room or at night by candle-light, although the dichi ornate is not so 

' If any powdered gum arable is at hand, it is an advantage to add about 
5 grms. of it to the solution of the dichroinnte. The latter is thus letained 
more on the surface of the paper and a sharper pjiiit is obtained. 
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sensitive to light as silver chloride.] When it has soaked for five 
minutes, remove the paper and pin it up to dry in a dark cupboard. 

When it is quite dry spread it out flat on a board, and lay upon 
it a piece of black lace, or a pattern cut out in thick brown or black 
paper : put over the whole a plate otglass to keep it flat, and expose 
it to full daylight. The unprotected portions of the paper will soon 
change m colour from bright yellow to dull brown, owing to the 
reduction of the dichromate, as above explained. In about half-an- 
hour’s time the print may be taken into a dimly-lighted room, and 
washed with several changes of warm water. All the unchanged 
yellow salt will dissolve out, leaving a permanent brown picture on 
a white ground : the chiomimn sesquioxide attached to the paper 
being quite insoluble. 

In practice the dichi ornate is mixed with a warm solution of 
gelatine or glue, and lampblack is stiiTcd up in thenmixture, which 
is then spread upon paper. After exposure to light, the print is 
washed as above desciibed, when all the unalteied dichromate, 
together with the gelatine and lampblack, is removed, leaving the 
picture in permanent black. 

[If it is desiied to strengthen the print above obtained, it may, 
after washing, be soaked for five minutes in a solution of iron proto- 
sulphate (3 grins, in 50 c.c. of water). Iron oxide is thus deposited 
where the chiomium oxide exists ; and if the print, after another 
thorough washing, is placed in a solution of potassium ferrocyanide 
(5 c.c. of the laboratory solution with 3o c.c. of water, and 2 c.c. of 
dilute hydrogen chloride), a deep blue picture is obtained.] 

6. ALtriVllNIUM. 

[Symbol of atom, Al. 

Weight „ 27.5 hydrogen-atoms.] 

If any metallic aluminium is at hand, its density should be 
determined by the usual method, p. 51. It will be found to have 
a comparatively low density {2-5), no "gi eater than that of glass. 
The action of solvents on it may also be tried. Hydiogen 
nitrate, whether dilute or strong, tvill be found to have little or 
no action on it, even when warmed ; dilute hydrogen chloride 
will dissolve it pretty readily with evolution of hydrogen and 
formation of alpminium chloride. Potassium hydrate (the 
ordinary laboratory solution) will be acted on by it even more 
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readily, hydrogen being evolved and a soluble salt calletl 
potassium aluminale (KAlOj) being formed, which will be 
further alluded to jircsently. 

• » 

A 

Compomicls of Aluminium. 

[Typical examples, — Fonnul.i of mulecule, 

Aluminium oxide 5 ALO., 

Aluminium hydrate, AlHjO,, 

Aluminium-potassium sulphate, KAKSO,).,, (HjO),, 

(‘ potash-alum ’) 

Aluminium-ammonium sulphate, (H4N)A1(S04)2, (HsO)^ 

(‘ ammonia-alum’) 

• Potassiuip aluminate, KAlOj] 

Aluminium seems to form only one series of compounds, 
comparable with the persalts formed by iron and the other 
members of this gioup. Its most impoitant propeity is that of 
forming, in association with potassium and the other alkali- 
metals, double sulphates called ‘ alums,’ which crystallise readily 
in the form of legular octohedra (as has been proved alieady, 
p. 62). 

[A solution of alum (either ammonia-alum or potash-alum), con- 
taining 5 grms. of the salt in 50 c.c. of water, may be used in the 
following experiments.] 

1. Aluminium hydrate and oxide (‘ alumina ’). 

Add to about 10 c.c. of the solution of alum half its volume 
of solution of sodium carbonate, and warm the mixture '. Ca: bon 
dioxide will be given off, and a white gelatinous precipitate 
of aluminium hydrate will be foimed, much resembling hydrogen 
silicate in appearance. Pour a few diops of the mixture into 
another lest-tube for use in the next expt. Pour the rest on a 
filter, and wash the piecipitate with several changes of water: 
then di y it by laying the filter containing it in a small disli on a 

^ It might be expected that the double decomposition would result in 
the foimation of aluminium carbonate, tut this compound does not appear 
to exist, and the following equation expresses the actual changes which 
occur, when potash-alum is used, — * 

2KAl(S04)a + 3Na,C0a + 3H2O = K2SO4 + 3^^a^SO4 + 2AlH3O, + 3C03 
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sandbath or on wire gauze. Observe that it shiinks consider- 
ably as it gets dry (like chromium hydrate). When it is quite 
dry, place some of it in a cup of platinum fojl (p. 8) and heat it 
to full redness ever a Bunsen’s burner. It will contract still 
more in bulk, giving off the elements of water and becoming 
almniniinn oxide k 

Moisten the white mass with a very hitle solution of cobalt 
nitrate, and again heat it for a minute to bright redness. It will 
be found, on cooling, to have become deep blue; a double 
oxide (cobalt-aluminium oxide) being formed, which is used as 
a paint. 

2. Potassium aluminate. 

Add to the portion of the precipitated aluminium hydiate 
reserved in the last expt .a few drops of solution of potassium 
hydrate. The substance wilt readily dissolve, potassiunt alumi- 
iiate being foimed a compound in which aluminium foims part 
of the electro-negative radicle (compare chromium-potassium 
oxide, p. 421, and potassium avsenite, p. 367). 

Teats for compouitda of Aluminium. 

*1. Their solutions, tested with ammonium sulphide, 
give a white precipitate. 

Test a portion of the solution of alum wilh solution of 
ammonium sulphide, warming the mixture. The grayish-white 
gelatinous piecipitate thus produced consists of aluminium 
hydrate, since the sulphide (like that of chromium) is not stable 
in presence of water. 

*2. "With potassium hydrate they give a white precipi- 
tate soluble in excess, but repreoipitated by ammonium 
chloride. " 

To another portion of the solution add solution of potassium 
hydrate, drop by drop. A white gelatinous precipitate of 
aluminium hydrate will be formed at first, but on addition of 
more potassium hydrate it will readily, dissolve (for the reason 


‘ 2AIH3OJ = ALOjH-sHjO 
“ KH 0 ,+ AlHa 03 = KA 10 a + 2HjO 
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already explained, p. 430), Divide the soluiioa into two 
parts : 

(a) To one portion add one or two drops of solution of 
Ip'drogen sulithide. No piccipitate will be , produced, since 
aluminium sulphide is not foinicd in ])resence of water. 

{h) To die olhci add about half its volume of solution of 
ammonium chloride, and waim the mixtuie ; aluminium hydrate 
will be precipitated. * 

[These two tests distinguish it from the somewhat similar precipi- 
tate formed by adding potassium hydrate to ^inc salts, p. 434.I 

"" 3 . Heated on charcoal they give a white infusible 
residue, turning blue when ignited with oobalt nitrate. 

Place a small crystal of alum in a cavity cut in a piece of 
chaicoal, and heat it in the hottest pait of the blowpipe flame. 
The salt will at first swell up like boiax, white fumes of ammo- 
nium sulphate (if ammonium alum is used) and hydrogen 
sulphate will then be given off, ;md finally a white infusible 
incandescent residue of aluminium oxide will be left on the 
charcoal. Allow this to cool, then moisten it with a small di op of 
solution of cobalt nitiate (transferred fiom the bottle on a glass 
rod), and ignite it again for several seconds. The mass, when 
cool, will be found to have acquired a bright blue colour loi a 
leason alieady c.xplained, p. 430. 

Additional Experiments. 

1. Formation of ‘ lakes.’ 

These aic combinations of aluminium hydrate with various 
colouring matters, for wliich it has a great affinity. 

Make a little solution of cochineal by powdering thiee or four of 
the grains of the material,,and boiling them with to c.c. of water 
for a minute or two. Filter this from any imdissolved particles, and 
add to it about 5 c.c. of the solution of alum; then add 2 or 3 c.c. 
of solution of sodium carbonate, boil, and filter the liquid. The 
aluminium hydrate, precipitated by the sodium carbonate {as aheady 
,, — - 

’ This leaction, however, is not absolutely characteiislic of .rlumlnium, 
since some silicates, calcium phosphate, and one or two other substances 
behave in a similar way. 
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explained, p. 429), will combine with and carry down with it the 
colouring matter of the cochineal ; so that the filtrate will be nearly 
or quite colourless, while the precipitate on the filter will be pink. 
This illustrates the preparation of ‘ carmine lake ’ used in painting ; 
and vaiiQus oth^r lakes aie made in a similar way from madder, 
logwood, &c. 

3. UsB of alumlnitim salts as ‘ mordants ' In dyeing. 

This depends upon the property possessed by aluminium hydrate 
of attaching itself firmly to the fibre of cloth and calico, as well as of 
combining with colouring matters, as already shown. Thus it may 
be employed to bind the two together, as it were ; the result being a 
‘ fast’ colour, i.e. one which cannot be removed fiom the material 
by washing. 

In order to precipitate the aluminium hydrate on the cloth, the 
latter is soaked in some readily decomposable salt of aluminium, 
such as the sulphate or acetate, and left to dry in a warm place. 
By this means aluminium hydrate is deposited in close contact with 
the fibre. 

Put about 1 5 c.c. of the solution of alum into a test-tube, and add 
solution of sodium carbonate, drop by drop, shaking thoroughly after 
each addition. The precipitate of aluminium hydrate which is at 
first formed will redissolve, and the addition of sodium carbonate 
should be continued until a slight permanent cloudiness shows 
itself ; when about i c.c. of the solution of alum should be added to 
redissolve this, You have now a solution containing a basic 
aluminium sulphate which is readily decomposed on boiling, 
aluminium hydiate being precipitated, [Prove this by pouring off 
2 or 3 c.c. of the liquid into another tube and heating it ; a white 
precipitate will be formed.] 

Dip one half of a strip of white calico into the solution, and dry it 
before a fire, or at some distance above a lamp. During the process 
of di-ying, the aluminium sulphate is decomposed, aluminium hydrate 
being deposited in the fibres of the calico. Warm some moderately 
strong solution of cochineal or logwood in an evaporating dish, 
immerse the strip of calico, and heat the liquid to boiling for about 
ten minutes ; then take out the calico, and wash it thoroughly in 
several changes of water. The part of it which was soaked in the 
‘ mordant ’ solution will be found to be permanently dyed, while all 
the colouring matter will be \9ashed ouk of the other portion. 

[If a little powdered gum arable is mixed in a moitar with 2 or 3 
c.c. of the solution of ^aluminium sulphate, and patterns or letters 
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are drawn upon a piece of calico with a brush or glass rod dipped 
in it, they will be permanently piinted, when treated as above 
described.] 

* 7 . ZINC. " 

[Symbol of atom, Zn. 

Weight „ 65 hydrogcn-atoins.] 

Properties of the metal. 

1 . Its fusibility (at 330“) and its oxidability when heated 
in air have been aheady noticed in the granulation of the metal 
(p. 25). 

2 . Action of heat in altering its tenacity. 

Take a strip, of sheet zinc about 15 cm. in length, hold it 
by its extremities and bend it double; notice that it is stiff, 
and requires some little force to bend it. Now heat it in the 
middle gently over a lamp, and observe that its jiliability is 
greatly increased. If, however, it is still Anther heated, it be- 
comes quite brittle as the temperature approaches its melting- 
point. 

Compounds of Zinc. 

Formula of moJeculfi. 

[Typical examples, — Zinc oxide, Zn O 

„ sulphate, Zn SO, 

„ chloride, Zu Ch] 

Zinc appears to form only one series of compounds, in ivhich 
its atom is divalent, like those of cobalt, nickel, and man- 
ganese. 

* 1 . Zinc oxide. 

Heat a small fragment of zinc on charcoal in the hottest part 
of the blowpipe flame. It will, when the heat lises to full red- 
ness, begin to burn with production of zinc oxide, light flakes of 
which will be swept away by the current of air, but the greater 
part will remain on the charcoal, as an incrustation which is 
yellow while hot, white when cold. 

Moisten this incrustation u ith a '’small drop of solution of 
cobalt nitrate on the end of a glass rod, and hca^ it again before 
the blowpipe. The mass will now acquire, a fine green colour, 

F f 
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a compound of zinc oxide and cobalt oxide being foianed, which 
is used as a paint. 

2. Zinc chloride. 

3. Zinc sulphate. 

I'he modes of preparing both of these salts have been illus- 
trated already, p. 8o, and p. I2g. 

A solution of one of them will be required in some of the 
following e.xpts., and should be made, rf it is not at hand, by 
dissolving about r gtrn. of zinc in lo c.c. of dtlute hydrogen 
chloride, evaporating to dr-yness to didve off excess of acid, and 
dissolving the residue of zinc chloride in 30 c.c. of water. 

4. Zinc-potassium oxide. 

The formation of this substance (which resembles the cotre- 
spondrng chromium compound, p. 421, and aluminium com- 
pound, p. 430) by the action of zinc upon potassium hydrate 
has been illustrated already, p, 165. It is also produced when 
potassium hydrate is added in e.xcess to a solution of a salt of 
zinc. 

Add to some solution of zinc chloride (or sulphate) a drop 
(not more) of solution of potassium hydr-ate, A white precipi- 
tate of zinc hydrate (ZnHjO,^) will be formed. Add more 
potassium hydrate to tlris precipitate; it will readily dissolve, 
zinc-potassium oxide (winch should perhaps be called ‘ potassium 
zincate') being formed ’. 

Teats for oompotmds of Zinc. 

*1. Their solutions, when tested with ammonium sul- 
phide, give a white precipitate. 

Test a portion of the solution of zinc sulphate (or chloride) 
with a drop of solution of ammonium sulphide. A white pre- 
cipitate of zinc sulphtde will be formed, which will readily dis- 
solve on addition of a drop or two of dilute hydrogen chloride. 

*2. With potassium hydrate they give a white precipi- 
tate, soluble in excess, and not reprecipitated by am- 
monium chloride. 

' ZnHA + 2KIIO = KjZnOa-r-iH^O 
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Add 10 anotlici portion a diop of solution of potassium 
liydrate. A white precipitate of zinc hydrate will be formed, 
which, as alieady seen, will readily redissolvc on addition of a 
fciv moie drops of the solution of potassium iJydrate. Divide 
the clear liquid into two pads : 

ill) To one portion add a drop oi two of solution of 
hydrogen sulphide. A white precipitate of zinc 
sulphide will be foimed. 

(/;) To the othei portion add about half its volume of 
solution of ammonium chloride, and warm the 
mixture ; no precipitate will be fonned'. 

[Compare the leactious of aluminium salts, p. 431,] 

* 

Additional Experiments. 

1. Amalgamation of Zino. 

lly this is meant the process of covering the metal with a film of 
meicury, which forms an alloy 01 ‘am.algam’ with it. Ordinary 
zinc is readily acted on by dilute acids, as has been already noticed 
(p. So), but this is chiefly due to the presence of particles of carbon, 
lead, (Sic., which promote the chemical action by the galvanic current 
set up between each of them and the zinc. This ‘ local action,’ as 
it is called, is entirely prei’ented by covering the zinc « ith mercury ; 
the latter buries the impuiities, so that the acid does not reach 
them at all. 

Put about 20 c.c. of water into a test-tube, add about 1 c c. of 
common hydrogen sulphate, and dip into the acid a strip of zinc 
about 15 cm. long and i cm. broad. Hubbles of hydrogen will at 
once be given off at all parts of the surface of the zinc. Now add 
about I c.c. of solution of mcrcuiy perchloride, and mix it thoioiighly 
with the acid by stirring with the strip of zinc. A bright film of 
mercury will be deposited on the zinc (compare the deposition of 
mercury on copper, p. 339), .and form an amalgam witli it ; and the 
evolution of gas will cease entirely. The strip of zinc in this con- 
dition is said to be ‘ amalgamated,’ and may be reserved for use in 
the next experiment. 

Another and more usual mode of am.algamating zme plates for 
batteries is fiist to dean the surface nf each with dilute acid, as 

' If the potassium hydrate contains aluminium hydrate, 01 hydrogen 
silicate, a precipU.tte will, of course, be formed. • 

r f 2 
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above, and then to lay it in a flat plate and pour over it a drop 
or two of mercury, rubbing the latter all over the surface with a 
cork. The excess of mercury should then be drained off ( and kept 
in a bottle for fhis purpose alonej, and the zinc plate should be 
thoroughly rinsed with water. ■■ 

2. Use of Zinc in galvanic batteries. 

This depends upon the readiness with which it is acted on by 
many substances ; the conditions in the ^rsual galvanic batteries 
being, two metals immersed in a liquid which acts more strongly 
upon one of them than upon the other. 

Put about So c.c. of water into a large test-tube, and mix with it 
5 or 6 c.c. of common hydrogen sulphate. Take the strip of zinc 
which you amalgamated just now, and a strip of copper of the same 
size ; put between them a flat bit of cork about l cm. thick, so as to 
keep them parallel but slightly separated, and bind them in this 
position by string or a couple of small india-rubber bands. Twist 
tightly round the upper end of each a bit of fine copper wire i8 or 
20 cm. long, taking care that these wires do not touch each other in 
any pait. Immeise the strips in the dilute acid in the test-tube, 
and obseiwe that no action is perceptible on either metal. Now 
press together the ends of the wires attached to the copper and zinc 
respectively ; bubbles of hydrogen gas will immediately appear on 
the surface of the copper, while an electric current flows along the 
wile’. 

The action may be explained as follows : — The molecules of 
hydrogen sulphate between the zinc and the copper become ‘ polar- 
ised,’ t. e. arranged in a definite direction (like a row of magnets), 
their electro-negative radicles pointing towards the zinc ; thus, 

Zmc plate. ||SO<Hj, S04Hg, SO^Hgll Copper plate. 

When the metals are connected by a good conductor, such as the 
copper wire, the SO4 radicle which is next to the zinc unites with it, 
while the H, unites with the SO4 of the next molecule, and so on ; 
the Hj of the last molecule being liberated on the surface of the 
copper. Thus a molecule of zinc sulpibate (Zn SO4) is formed, and 
a molecule of hydrogen is liberated. Then other molecules are 
polarised and decomposed in like manner, and thus the action 
continues. 

' The current from so small ,a battery is^ of course, weak ; but if a part 
of the wire is straightened and placed in a north-and-south direction, and a 
small compass is field as close to it as possible, a distinct deflection of the 
needle will be noticed ; the tendency of an electric current being to set a 
magnet at right angles to its own direction. 
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It should be obscn'ed that, while the metallic connection between 
the two metals is maintained, the zinc alone is acted on, and not the 
copper, which remains blight. This illustiates the use of zinc in 
protecting iion fionnust, as in the ordinary galvanised iron (which 
is'iiun coated witli zinc). When a piece of this Ih exposed to air 
and inoistuic, the iron (Ihougli r.apidly attacked when alone) re- 
mains unalteied so 4mg as there is any zinc in contact with it. 


'•V Preparation of a set of borax beads. 

Since so many of the metals hitherto studied give characteristic 
colouis when added to a bead of borax, it will be interesting and 
useful to keep a set of characteristic borax beads, as a help to the 
memory, and a^ a standaid of compaiison. Such a set may be 
conveniently made as follows : — 

Seal one end of a glass tube about 6 cm. long and 2 mm. internal 
diameter. Place near the blowpipe a deep porcelain dish, about 
10 cm. m diameter (a poicelain moitar, if glazed inside, or large tea- 
cup will scive the purpose), peifectly clean and dry. After making 
the bead in the usual way, and while it is still fluid, tap the platinum 
wire somewhat obliquely on the edge of the porcelain dish. The 
bead will detach itself and roll round the side of the dish, finally 
coming to rest at the bottom. It will be found to have preserved 
Its spherical shape ; and if the colour is satisfactory, it should be 
placed at once in the glass tube, since its surface would soon 
effloresce in the air. Other beads may be foimed in the same 
way, and dropped one by one into the tube, fiom which they should 
not much differ in diameter. When the set is complete, the tube 
should be heated about 5 or 6 mm. above the last bead, drawn out, 
and sealed, thus preserving the beads from further change. 

Two beads should be preserved in each case ; the one showing 
the colour imparted by the substance in the oxidising, the other in 
the reducing flame. 

The following list includes nearly all the substances which im- 
part characteiislic colours to boraxglass : — Chromium, manganese, 
nickel, cobalt, iron, copper. 
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Grl’oup IV. 

Metals which are separated from ' solutions by 
ammonium. ,carboiiate. 

Barium, Strontium, Calcium. 

These three metals form a veiy welUdefined natural group, 
showing analogies to one another quite as close as those which 
exist between chlorine, bromine, and iodine. Strontium seems 
always to occupy the middle place ; and the points of resem- 
blance and of difference between the elements should be care- 
fully noted in examining their compounds and reactions 

1. BARIUM. 

[Symbol of atom, Ba. 

Weight „ 137 hydrogen-atoms.] 

A striking chai acteristic of the compounds of barium is their 
high density. If any minerals containing barium, such as Barite 
(barium sulphate) or Witherite (baiium caibonate), are at hand, 
the density of one or more of them may be taken in the usual 
way and compared with the density of marble or other ordinary 
rock. 

Compotmds of Barium. 

Formula of 
molecule. 

[Typical examples, — Barium chloride, Ba Clj 

„ oxide, Ba O 

„ hydrate, BaH^Oj 

„ dioxide, Ba Oj] 

1. Barium hydrate. 

Barium oxide (which is prepared by strongly heating barium 
nitrate ; a process which will be illustrated under strontium) 
readily combines with water, just as calcium oxide has been 
proved to do, p. 66. The resulting barium hydrate is, however, 
far more soluble in water ilian calcium hydrate. 

Place a small lump (as large as a pea) of barium oxide in a 
test-tube, and pour on it a few drops of water. If the barium 
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<ixide is pure, and has not been exposed to the air, it will swell 
up, evolving much heat as it combines with the cleincms of the 
water to form barium hydiaie'. Pour about 8 or lo c.c. of 
water upon the ma'l.s, heat it to boiling, and liUei it while hot 
into a clean test-tube. Ciy^tals of barium hydrate will be 
deposited a.s the liquid cools, since the salt is much more soluble 
in hot than in cnld’water (diffeiing from calcium hydiatc in this 
respect). Observe als* the alkaline reaction of the solution on 
reddened litmus and turrociic paper. 

This solution is often called ‘ baryta water,’ and may be used 
in the laboratoiy for the same puiposes as lime-water; for in- 
stance, as a test for carbon dioxide. 

Place a little of the solution in a test-tube ; dip the long 
branch of an elbow-tube into it, and blow gently through it for 
a few seconds. A white cloudiness of barium carbonate will be 
formed. 

2. Preparation of Barium dioxide. 

When barium oxide is heated, and oxygen gas passed over 
it, each molecule of the oxide unites with one atom of oxigc-n 
to form baiium dioxide. For oi dinary puiposes it is mo.st con- 
venient to evolve the oxygen in contact with the barium oxide, 
in the following wa_v : — 

Place about a gramme of baiium oxide in a mortar, grind it 
to powder, then add rather mote than an equal quantity of 
potassium chlorate, and mix the two substances intimately with 
the pestle. Place the mi.xUire in an iron spoon or a small 
porcelain crucible, and heal it rather stiongly ovei a Bunsen’s 
burner. It will at fiist melt and effeivesce, and finally a low 
incandescence will spread through the mass, the barium oxide 
burning in presence of the chlorate (precisely in the same way as 
carbon or any other comb. isti hie body) with formation of barium 
dioxide Allow' the semi-fused mass to cool, then detach it 
from the spoon, grind it to fine powder, and keep it in a corked 
tube for use in expel imeiits. 


' BaO + H.,0 --= Ban.,0.j 
“ 3Ba0-rKC10„ = .^BaOj + KCl 



440 


BARIUM. 


Tests for compounds of Barium. 

[A solution of barium chloride, containing i grm. of the salt in 
25 c.c. of water, may be used.] 

t r 

1. Their solutions, when ttrsted with ammonium sul- 
phide, give no precipitate. 

To a portion of the solution add a drop of solution of am- 
monium sulphide. No precipitate will be formed, since barium 
sulphide is soluble in water, a property which distinguishes it 
from the sulphides of the metals included in the previous 
groups. 

*2. With ammonium carbonate they give a white pre- 
cipitate. 

To another portion add a diop of solution 'of ammonium 
carbonate, and warm the liquid. A white precipitate of barium 
carbonate will be formed, which will readily dissolve, with evo- 
lution of carbon dioxide, on addition of a few drops of dilute 
hydrogen chloride. 

*S. With calcium sulphate they give a white precipitate 
immediately, which is quite insoluble in acids. 

To another portion add about one-third its volume of solu- 
tion of calcium sulphate. A white precipitate of barium sul- 
phate will be immediately formed, insoluble in hydrogen 
chloride. 

The same reaction has already been employed to detect the 
presence of a sulphate (p. 289). 

*4. With potassium chromate they give a yellow pre- 
cipitate. 

To another portion add a little solution of potassium chro- 
mate. A yellow precipitate of barium chromate will be foimed, 
which is sometimes used as a paint, tiaving the advantage over 
lead chi ornate of not being blackened by sulphides. 

*6. Heated on platinum wire in the Bunsen’s burner 
flame, they tinge the flame green. 

Make a small loop (smaller than that intended for a borax 
bead, p. 100) at the end of a piece of platinum wire, dip it into 
strong hydrogen chloride (a few drops should be placed in a 
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watch-glass), and hold it just within the edge of the upper part 
of the flame of a Bunsen's burner (or, better, of a gas blow- 
pipe) until it does not itself impart any colour to the flame. 
'J'hen moisten it again with hydrogen chloiide, dip it into a 
little barium chloride, and hdld it again in the flame. The 
barium chloride will, as it volatilises, impart to the flame a bright 
green colour. 

From this property’ barium salts are much used in making 
fireworks. 


Additional Experiments. 

1. Preparation of Hydrogen dioxide. 

[Formula of molecule, Hj OJ 

This can be obtained by acting upon barium dio-xide with an acid, 
the hydrogen of which unites with all the oxygen of the substance, 
while the other radicle unites with the barium. 

Place aboirt i gnn. of powdered barium dioxide in a mortar, add 
a little water, and grind the whole dll it forms a thin cream. Pour 
into the mortar about 6 or 8 c.c. of dilute hydrogen chloride, and 
mix it quickly with the semi-fluid mass, whtch ought to dtssolve 
readily and completely ; if not, a little more hydrogen chloride must 
be added at once. A slight effervescence will take place, owing 
partly to the presence of carbonate as an impurity in the barium 
dioxide, partly to the decomposition of the dioxtde with evolution 
of oxygen gas. If, however, the hydrogen chloride is kept in 
excess, the amount of decomposition is sin.iJl, and a solution is 
obtained containing barium chloride and hydrogen dioxide’. 

2. Properties of Hydrogen dioxide. 

[The solution just made may be used, since the presence of barium 
chloiide will not interfere with the experiments.] 

This substance shows a great tendency to give up one of the 
atoms of oxygen which its molecule contains, thus becoming or- 
dinary water Hence it is a t'eiy powerful oxidising agent, and an 
experiment illustrating this property has been given already under 
CHROMIUM (p. 427). But it has scarcely less strongly marked 


‘ BaO, + 2HCl = BaClj + HoOj 
Potasbiiim chi Olid B is, of course, also present. 
Mip„-HiO+0 
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reducintf powers ; the atom of oxygen wh4;Ii it gives up seeming to 
elicit a fellow-atom fiom otlici substances. Thus the two atoms 
from diffeicnt snuices (’ombmc to form a single molecule of oxygen 
gas‘, while both the hydrogen dioxide and the»substance which it 
acts upon aie simfiltaneously reducejil. * 

A. Its oxidising powers. 

(a) Make a vciy dilute, stiongly acid solulionaif indigo sulphate 
precisely as diiected m expt. 2, p. 163, and add to it a few drops of 
the solution of hjdiogen dit.xide. [A preCipitate of barium sul- 
phate w ill, of course, appeal , owing to the bai ium chloride present ; 
but this may be disregauled.] On heating the mixture to boiling, 
the blue colour of the indigo will disappear ; the hydiogen dio.xide 
having given up oxygen to it, just as hydicgen nitiate does, expt. 3, 
p. 160. 

This illustrates one of the practical uses of hydjogen dioxide; 
foi bletiching purposes. 

(i) Add a few diops of the solution of hydiogen dioxide to a 
dilute solution of potassium iodide (three 01 four drops of the 
laboratory solution diluted with 5 cc. of watei). Iodine will be 
libeiated by degrees, colouiing the liquid yellow, and giving the 
characteristic blue compound if a little solution of starch is added. 

In this case hydrogen iodide (fonned by the action of the excess 
of hydiogen chloride upon the potassium iodide) is decomposed, its 
hydiogen uniting with o.xygen, wliilc iodine is set free' 

B. Its reducing powers. 

(a) I’lit a little manganese dioxide into a test-tube, and pour on 
it some of the solution of hydrogen dioxide. A strong effer- 
vescence will take place, owing to the formation of oxygen as above 
explained : half of it coming from the hydrogen dioxide, and half 
from the manganese dioxide. The latter is reduced to protoxide, 
which dissoUes in the hydiogen chloride present, forming man- 
ganese piotochloiide^. 

(i) Add a little hydrogen dioxide to some rather dilute solution 
of potassium permanganate. The deep purple liquid will become 
colourless, manganese protochloride being foimed, while oxygen is 

' Other examples of the building up of a molecule of an element from 
two diffpient sources have been gbeii on pp. 243, 25S, 281. 

- 2ilI + H.Uj = 2 11 , 0 + 1 .^ 

Obseive the adKir/ way in whicti the iodine Is liberated; this being one 
of those chemic.nl actions which proceed at a definite ineasiuable rate and 
not instantaiieoiisl). • 

MnO., + H jOa -r 2 aCl == MnCIa -f 2 HjO + O, 
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evolved with effervescence It is possible that this reaction may 
be strictly analogous to that of hydrogen dioxide on chromates, a 
higher and less stable manganese oxide being formed momentarily, 
which at once loses’the greater part of its oxygen. 

^ '•S 


> 2. STROITTITJM. 

[Symbol of atom, Sr. 

Weight „ 87-5 hydrogen-atoms,] 

Compounds of Strontium. 

‘ Formula of 

molecule. 

[Typical examples,— Strontium oxide, Sr O 

„ nitrate, Sr(N03)5, 

’ „ chloride, SrClj 

„ sulphate, SrS04] 

These greatly resemble the corresponding compounds of 
bai'ium, the differences between them being rather of degiee 
than of kind, StionUum sulphate, for e.xample, is slightly more 
soluble in water than barium sulphate : sti-ontium hydrate is 
less soluble than barium hydrate. There is a great contrast, 
however, between colours they impart to flame, respectively. 

Preparation of Strontium oxide, and hydrate. 

This (and also barium oxide) is best obtained by strongly 
heatrng the nitrate, when it breaks up (like lead nili-ate, p. 166) 
into strontium oxide, nitrogen tetroxide, and oxygen 

Place about 2 grms. of crystallised stiontium nitrate in an 
iron spoon, or on a piece of a bioken evapoiating dish, and 
heat it to full redness before the gas blowpipe. The salt will 
fuse and effervesce, owing to the evolution of nitrogen oxides and 
oxygen, and, finally, a davk gray porous mass of stiontium oxide 
will be left. When this is cool, pour a few drops of water upon it, 
and notice that it ' slakes ’ (/. e. combines with the water and gets 
hot) like the corresponding barium and calcium oxides, and that 
its solution in water has^an alkalinp reaction on test-paper. 

' 2 KMnO, + HjOa + 6 HCl = 2 MnClj + 2 KCl 1- 4 HjO + 3 Oj 
2Sr(N03)3= 2 SrO + 2 NjOi + Oj , 



444 


CALCIUM. 


Testa for compounds of Strontium. 

[A solution of strontium nitrate, containing i gim. of the salt dis- 
solved in 25 c.c. of water may be used, and the experiments should 
be tried in the satire way as those wjth barium.] • 

1. With ammonium sulphide they give no precipitate. 

*2. With ammonium carbonate they give a white pre- 
cipitate. • 

*3. With calcium sulphate they give no immediate pre- 
cipitate, but a white precipitate forms in four or five 
minutes. 

This is otving to strontium sulphate being decidedly more 
soluble in water titan barium sulphate ; hence, when such a 
weak solution is used as that of calcium sulphate •necessaiily is, 
the precipitate only forms giadually. If dilute hydiogen sul- 
phate (the oidinaiy laboratory solution) is added to the solution 
of strontium nitiate, a precipitate forms at once. 

*4. With potassium chromate they give no precipitate. 

*5. Heated on platinum wire, with hydrogen chloride, 
in the Bunsen’s burner flame, they tmge the flame 
crimson. 

If the flame is looked at through a piece of deep blue glass, 
it still af)pears of a crimson colour, while the ordinaiy Bunsen’s 
burner flame is almost invisible. 


3. CALCIUM. 

[Symbol of atom, Ca. 

Weight „ 40 hydrogen-atoms.] 

Compounds of Calcium. 

* Formula of 

molecule. 

[Typical examples,— Calcium oxide, CaO 
„ sulphate, CaSO. 

„ carbonate, CaCOs 

• „ cliloride, CaClj] 

Several of thesp have been incidentally pi spared and experi- 
mented on already. JThus calcium chloride was one of the 
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products obtained in the preparation of ammonia (p. 149), and of 
carbon dioxide (p. 187); calcium carbonate was formed by the 
action of carbon dioxide on lime-water (p. 191); and calcium 
sulphate was obtained when hydrogen sulpliale acted upon 
fluorspar in the preparation of hydrogen fluoride (p. 265). 

If any of the native compounds of calcSum are at hand, such as 
Calc spar, Chalk, Marbles, Limestones, Corals (forms of calcium 
carbonate) ; and Selehite, Gypsum, Alabaster (forms of calcium 
sulphate), their crystalline form (if any) and other characters 
should he noted, and some of them at least should be examined 
for calcium by the tests given later on. 

Formation of Oaloinm oxide. 

This, which is the ordinaiy quicklime, is obtained by heating 
the carbonate to redness (as is done on a large scale in lime- 
kilns), when it breaks up into calcium oxide and carbon 
dioxide 

Place a piece of reddened litmus-paper in a porcelain dish ; 
lay on the paper a small fragment of marble or chalk, about as 
large as a pea, and pour a few diops of water from a washing 
bottle over the marble. The colour of the litmus-paper will 
not be altered, .since calcium carbonate is quite insoluble in 
water. Place the fragment of maible on a piece of platinum 
foil, fold a corner of the foil over it to prevent loss of heat by 
ladiation, and heat it to full ledness before a Herapath’s blow- 
pipe for a minute or two. Place it, when cool, upon the litmus- 
paper, and add a drop or two of water. The paper will now 
turn blue, since the marble has been decomposed and calcium 
oxide formed, as above explained, and the latter unites with the 
elements of water to foim calcium hydrate, which has been 
already shown (p. 67) to be soluble in water and to give an 
alkaline reaction. 

Tests for oompoimds of Calcium. 

[A solution of calcium chloride, containing i grm. of the salt dis- 
solved in 50 c.c. of water 'taay be used. The experiments should be 


' CaCOg = CaO + CO2 
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made in the same way as in the case of the barium and stiontium 
salts.] 

1. Thoir solutions, when tested with ammonium sul- 
phide, give no precipitate. * , 

* 2. With ammonium carbonate they give a white pre- 
cipitate. 

'S. With calcium sulphate they give no precipitate, 
even on standing for ten minutes. • 

This le.uilt would be natiiially expected, since no moie 
calcium sulfihate can be formed than exists already in the 
solution, and there is obviously moie than enough water present 
to keep that amount dissolved. 

[Calcium sulphate is, however, not very soluble in water, and 
ncaily insoluble iii alcohol. To prove this — 

.‘Vdd two or three drops of dilute hydrogen sulphate to some of 
the solution of calcium chloride, and divide the liquid into two 
puitions. 

(rt) Set one poition aside foi a time, shaking it occasionally, 
A white crj'stalline piecipitate will gradually foiin. 

*{//) .A.dd to the other pouion some alcohol. A white precipitate 
will appear at once.] 

4. With potassium chromate they give no precipitate. 

*6. With ammonium oxalate in neutral solutions they 
give a white precipitate. 

This ]iiopeuy, it will be remembered, was employed as a test 
for an oxalate, p. 220. 

*6. Heated on platinum wire in the Bunsen’s burner 
flame they tinge the flame orange red. 

If the flame is looked at lliiough a piece of deep blue glass, 
it appeals gieenish giay; since glowing vapours of calcium 
compounds give out many rays besides^red and oiangc rays, and 
the blue glass absoibs the latter, but not the others. 

Additional Experiments. 

1. Hardness of water. 

Water is said to be ‘ hard ’'when it refuses to form a lather 01 
permanent froth lyith soap. This hardness is mainly due to the 
piesence of calcium saltj in the water, especially calcium-hydrogen 
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carbonate^ and calcium sulphate. These decompose the soap 
(which is chiefly sodium oleate and margarate), forming calcium 
oleate, &c., which are insoluble in water. 

Dissolve I grm.’fa piece about as large as a pea) of common 
J-ellow soap in 20 c.c. of distilled water, warming^it gently. 

(a) Put too c.c, of distilled water into a small gas bottle, add 
about 2 c.c. of the soap solution, and shake it up thoroughly. 
A thick, fairly peinianent layer of froth will be produced. 

{b) Put 100 c.c. of cdinmon hard water ^ into a small gas bottle, 
add about 2 c.c. of the soap solution, and shake it up. If the water 
is moderately hard, it will become milky (owing to the precipitation 
of calcium oleate, &c.), and no permanent layer of fioth will be 
formed ; the bubbles bursting almost as soon as the shaking is dis- 
continued. Add 2 c.c. moie of the soap solution and shake it up 
again. If the ivater is very hard no lather will even now be formed, 
and more soap solution should be added in successive small por- 
tions, the mixture being vigorously shaken after each addition. A 
point will finally be reached at which enough soap has been added 
to decompose all the calcium salts, and then any further addition 
will produce a lather lasting unbroken for five minutes or more. 

If we tiy different samples of hard water in the above way, and 
observe how much soap has to be added to each in order to get a 
permanent lather, we gain a knowledge of the comparative hardness 
of each sample. This is the basis of Clark's process for deter- 
mining the hardness of waters. 

In cases where the hardness of the water is chiefly or entirely 
due to the presence of calcium-hydiogen carbonate, the water may 
be ‘softened’ either {a) by boiling it (in which case the calcium 
compound is decomposed in the manner already illustrated, p. 191), 
or {b) by adding just enough calcium hydrate to form the neutral 
insoluble carbonate ° (m which case the whole of the calcium, both 
that originally present in the water, and that present in the calcium 
hydrate added, will be precipitated). This latter is the principle of 
Clark’s process for softening water (now extensively used), and may 
be illustrated in the following way, if hard water of the above kind* 
IS at hand (as in chalk and limestone districts). 

* The formation of this has been already illustrated, p. lyi. 

^ If no hard water is at hand, add 10 c c. of solution of calcium sulphate 
to 90 0 0. of rain water 01 distilled water, Snd use it for the above experiment. 

“ CaH2(CO,,)2 + CaH.O., = 2CaCO.,-f 2H50 

‘ If the hardness is due to the piesence of calcium sulphate, it cannot be 
removed by eithei of the .above methods. 



448 , CALCIUM. 

Put 100 c.c. of the hard water into a flask, and add lime-water, 
little by little, with fiequent shaking, until the water just shows a 
slijr/i( alk, aline reaction (proving that the lime is present in slight 
excess). A precipitate of calcium carbonate will be formed, which 
should be left fori. wo or three hours to subside. If the clear wat* 
IS then poured off and tested with soap as above, a permanent 
lather will be produced, as with the distilled wa^er. 

2. Preparation of plaster oasts. 

The mineral Gypsum (native calcium Sulphate) contains two 
molecules of water of crj'stallisation attached to each molecule. 
This water is driven off by heating the powdered mineral to a tem- 
peratuic of 250°, and the anhydrous calcium sulphate (the common 
‘plaster of Paris’) thus obtained combines with a considerable 
quantity of water, the whole solidifying by degrees into a hard 
porous mass. Moreover it expands in solidifying, jind hence very 
sharp casts of medals can be obtained. 

Take a medal or laige coin, and having slightly greased its 
surface by nibbing it with a cloth moistened with oil, roll a strip of 
paper (about i cm, broad) loimd its edge, so as to form a shallow 
circular trough ; then fasten down the end of the strip by sealing- 
wax or by a fold or two of .string. Place 20 c.c. of water in a por- 
celain dish, and shake into it giadually sufficient fresh plaster of 
Paris to form a thin paste, stirring the mixture continually with 
a glass rod. As soon as the whole is thoroughly mixed, pour over 
the coin sufficient of it to fill the trough, and stir it with a feather 
or splinter of wood, in order to detach any bubbles of air which 
may icmain adhering to the surface of the coin. 

[Wash out the cHsh containing the residue of plaster at once, or it will be 
difficult to remove tlie hardened material.] 

Leave the whole at rest for several hours, in which time you will 
find that the paste has solidified, or ‘set,’ as it is termed, the cal- 
cium sulphate having (as above explained) combined chemically 
with the water. Unroll the paper rim, and carefully detach the 
coin from the plaster by gently pulling tiiem apart. You will thus 
obtain a copy of the coin in plaster, but reversed, the raised parts 
of the coin foiming depressions in the plaster. The cast should be 
left for several hours in a drying cupboard, or in front of a fire, in 
order to diy it thoroughly. 

When diy, it may be used S.b a mouW from which to obtain a 
facsimile of the orjginal medal. For this purpose it should first be 
thoroughly saturated whli wax by placing it, face upwards, in a 
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porcelain dish containing some melted wax or paraffin (such as a 
portion of a candle) and heated on a sandbath. The wax will rise 
by capillarjf action through the porous plaster, and when the upper 
surface appears thoyoughly wet, it may be taken out and placed on 
a plate to cool. A paper rim should then be fasteiicd round it, and, 
after slightly oiling the surface, a cast may be made in plaster as 
above directed. it may be covered with plumbago, and copper 
deposited on it by the electrotype process described already, p. 355. 


Group V. 

Metal ■which, is separated from solutions tay sodium 
phosphate in presence of ammonium salts. 

t 

MAGNESIUM. 

[Symbol of atom. Mg, 

Weight „ 24 hydiogen-atoms.] 

The remaikably low density of metallic magnesium (only 
1 - 76 ) should be noticed. Its pliability (much increased by 
moderately heating it) and its slight tenacity, in which lespects 
it lesembles zinc, can be obseived in a piece of the naiiow 
ribbon (rolled, not drawn) in which it is usually sold; this, 
when shaiply bent double, as in creasing a sheet of paper, 
breaks in two. Its strong affinity for oxygen, on ■which its 
practical use for illuminating pui poses and firewoiks depends, 
has been illustrated already, pp. 124 and 192. 

Compounds of Magnesium. 

[Typical examples, — Foimnla of molecule. 

Magnesium exide, MgO 

„ sulphate, Mg SO4 

„ -ammonium phosphate. Mg (H4N)r04] 

1. Magnesium sulphate. 

Magnesium, like zinc ^nd iron, readily acts upon most acids, 
displacing their hydrogen. When it acts upon hydiogen sul- 
phate, magnesium sulphate (‘Epsom salts’) is formed, which 

Gg 
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(unlike the sulphates of barium, strontium, and calcium) is very 
soluble in water. 

Place a bit of magnesium ribbon about 15 cm. in length in 
a test-tube, add ^ c.c. of water, and then ont or two drops of 
dilute hydrogen sulphate. Hydrogen gas will be evolved with 
effervescence, and the metal will readily dissolve [No more 
acid must be added than is absolutely required to dissolve it.] 
When the action has ceased, pour off tire liquid into a small 
porcelain dish, and evaporate it down until it begins to crys- 
tallise. Long prismatic crystals of magnesium sulphate will 
be deposited as the .solution cools : these, after the liquid has 
been poured off from them, should be rinsed once with a little 
water, to remove adhering acid, and then redissolved in about 
20 c.c. of water, and the solution reserved for experiments. 

2. Magnesium oxide. 

Place a piece of reddened litmus-paper in a porcelain dish, 
and moisten it with water. Cut off a piece of magnesium 
ribbon or wiie about 10 cm. in length, hold it in the crucible 
tongs over the porcelain dish, and apply the lamp-flame to one 
extremity. The metal will take fire and burn with an intense 
white light, foiming white flakes of magnesium oxide, which 
should be allowed to diop upon the test-paper, and spread 
over it w'ith a glass rod. The blue colour of the paper will 
be restored, since magnesium oxide (like calcium oxide, p. C7) 
combines with water to form a hydrate which has an alkaline 
reaction and is slightly soluble in water, though much less so 
than calcium hydrate. 

Tests for compounds of Magnesium. 

[Tire solution of magnesium sulphate, already made (or the 
ordinary laboratory solution), may be used.] 

A characteristic of magnesium salts is their tendency to form 
double salts with those of ammonium ; such double salts being, 
as a rule, more soluble than the simple magnesium salts. 
Hence we can often prevent the preeijritation of the latter, and 


' H^SO^ + Mg = Mg.SO, + Hj 
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redissolve them when formed, by the addition of ammonium 
chloride. 

1. Their solutions, when tested with ammonium ear- 
■^onate, give no immediate precipitate. , 

Add eight or ten drops of* solution of ammonium carbonate 
to some of the soUuion of magnesium sulphate. No precipitate 
will be formed until after the lapse of some time, when a slight 
crystalline precipitate 'of magnesium-ammonium carbonate will 
appear. The formation of this is still slower when ammonium 
chloride is present, and hence the metals of Group IV can be 
completely separated by ammonium carbonate from magnesium, 
if ammonium chloride has been previously added. 

2. With sodium carbonate they give a white pre- 
cipitate. 

To another portion add some solution of sodium carbonate, 
and warm the mixture. A precipitate of magnesium carbonate 
will be formed, which will readily dissolve on addition of a few 
drops of solution of ammonium chloride. 

*3. With sodium phosphate, in presence of ammonium 
salts, they give a white crystalline precipitate. 

Add to another portion of the solution five or six drops of 
solution of ammonium chloride, then a drop or two of solution 
of ammonia, and lastly a di'op of solution of sodium-hydrogen 
phosphate. A white granular precipitate will be formed, con- 
sisting of magnesium-ammonium phosphate. 

[To illustrate the delicacy of this reaction, you may place one 
drop of the solution of magnesium sulphate in a clean test-tube, add 
about lo c. c. of water, and then successively a few drops of solution 
of ammonium chloride, a few drops of ammonia, and a drop of 
solution of sodium phosphate, and shake the mixture thoroughly. 
If no precipitate is produced at first, dip a clean glass rod into the 
solution, and gently rub the sides of the test-tube with it. Crystals 
will soon begin to form along the lines at which the rod touched 
the sides of the tube, especially if the liquid is agitated for a few 
seconds.] 

*4. Heated on charesal beforS the blowpipe they leave 
a white residue, which, when moistened.with cobalt ni- 
trate and re-ignited, turns pint. , 

Gg 2 
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Place a small crystal of magnesium sulphate on charcoal 
and heat it strongly before the blowpipe. Moisten the white 
infusihle residue (which consists of magnesium oxide) with 
solution of cobal^ nitiate, and heat it again.*' The mass, when 
cool, will be found to have acquired a faint pink coloui. 

[Compare the lesults obtained with zinc o^idc, p. 433 (green 
colour;, and with aluminium oxide, p. 431 (blue colour).] 


Group VI. 

Metals whicli are not separated from solutions by any 
of the reagents hitherto employed. 

PoTassitsi, SoviiJM, Amjionium, Hydrogen'. 

1. POTASSIUM. 

[Symbol of atom, K (kalium). 

Weight „ 39 hydiogen-atoms.] 

Properties of Potassium. 

[It must be borne in mind that potassium is a rather dangerous 
substance. No moisture must on any account be allowed to touch 
it. It must always be kept immersed in the mineral naphtha sold for 
the purpose. Great care should be taken that neither potassium 
Itself nor potassium hydrate gets under the finger nails.] 

1. It has a bright lustre, is soft, and becomes quickly 
oxidised when exposed to air. 

Take a small piece of potassium, about as large as a pea, out 
of the bottle, free it from adhering naphtha by piessing it 
between folds of blotting-paper, and ctit it in two with a knife. 
Notice the softness of the metal, the brilliant lustre of the 
freshlj’-cut surfaces, and the lapidity with which the latter aie 
tarnished in the air, owing to the formation of a film of potas- 
sium Oxide. ' , 

2. It is lighter than water, and hence floats upon it. 

8. It decomposes water, liberating hydrogen. 
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Pour some distilled water into a plate or large porcelain 
dish, and wet the sides of the dish above the surface of the 
water by rubbing them with the moistened finger h 

’ [Place near at hand a larg^ funnel, to hold dver the potassium 
while burning.] 

Take up one o? the pieces of potassium in the crucible tongs 
and drop it in the centre of the dish of water. It will immediately 
take fire, burning with a violet flame as it floats from side to side 
of the dish. The water is decomposed by the metal, a portion 
of its hydrogen being replaced by potassium, with formation 
of potassium hydrate ^ The heat pioduced is sufficient to 
kindle the hydrogen evolved, and to volalilise a small portion 
of potassium,^ which gives the flame its violet tinge. Im- 
mediately on the cessation of the flame, you will observe the 
globule of potassium h^'drate floating red-hot upon the water. 
Cover it at once with the inverted funnel, and obseive that 
in a second or two it disappeais with a slight explosion. The 
reason is this — The globule, while red-hot, was not in actual 
contact with the water, but was supported on a cushion of 
steam. As it cooled, a point arrived at which the layer of 
steam was condensed, and the globule touched the water, 
causing a fresh burst of steam sufficient to scatter portions of 
the globule to a considerable distance. It is well, theiefore, to 
cover the substance with a funnel, as above directed, lest the 
eyes should suffer. 

After burning the other piece of potassium in a similar way, 
you may examine the solution in the dish. It will have ac- 
quiied a sharp caustic taste, and the colour of a piece of red- 
dened litmus-paper dipped into it will be changed to blue. If 
the liquid is evaporated fo dryness a white residue of potassium 
hydrate will be left. 


^ This i& done in order to j^i'evcnt the globule of potassium adhering to 
the bidcb, instead of floating freely on the water. It is a good plan to rinse 
out the dish, just before usinj it, with a little solution of caustic potash, and 
then with clean water. 

2H2O + K2- 2KHO f-Ha 
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, Compounds of Fotassium. 

Formula of 
molecule. 

[Typical examples, — Potassium hydralf, KHO 

' „ carbonate, K0CO3 ^ 

„ " nitrate, KN O3] 

1. Potassium carbonate. 

This is largely manufactured fiom wood-ashes, and is, in 
fact, the substance to which the name ‘ potash ’ was originally 
applied. Growing plants extract the potassium compounds 
which all feitile soils contain; and when they aie burnt, these 
compounds are converted into potassium carbonate (as illus- 
trated in the case of tartrates, p. 216), which remains in the 
white ash and can be extracted by water. 

Break up a couple of matches into small pieces (rejecting, of 
couise, the ends coated with phosphorus), place them in a heap 
on wile gauze supported on a ring of the letoit-sland, and set 
file to them by applying the flame of a Bunsen’s burnei. 
Allow die wood to burn until only a white ash is left, then 
shake this into a porcelain dish and warm it with a few drops 
of water. The presence of an alkaline caibonate in the solu- 
tion may be shown by dipping a piece of reddened litmus into 
it, which will be turned blue. 

2. Potassium hydrate (‘caustic potash’). 

One, and the most direct way of obtaining this substance, 
VIZ. by the action of pot.rssium on water, has been illustrated 
above. It is, however, always prepaied on a large scale by 
boiling a solution of potassium carbonate (‘pearl-ash’) with 
calcium hydrate ; a process which will be explained and illus- 
trated under the head of sodium hydrate, p. 458. The follow- 
ing piopcities of it should be examined: — 

{a) It is very soluble in watef, with which it 00 m- 
biues chemically, evolving much heat. 

Place a piece (about the size of an almond) of potassium 
hydrate in a test-tube, add 6 or 8 c.c. of water, and shake it 
until the whole has dissolvifd, which »it will do very leadily. 
Observe the great heat produced, which shows that potassium 
hydrate combines chenycallj' with the water (in the same way as 
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sulphuric acid, p. 286). Use the solution in the following ex- 
periments, keeping the tube corked, to prevent absorption of 
carbon dioxide. 

, [b) It deliques’ces in moist air, forming^a oarbonate. 

It has, in fact, a very stftmg affinity, not only for water 
but also for carbon dioxide (as has been illustrated already, 
p. 192). 

Powder a small bit^of potassium hydiate, spread the powder 
on a watch-glass, and leave it exposed to the air for a day. It 
will speedily become moist, and finally deliquesce entirely into 
a thick liquid, as it absorbs water and carbon dioxide from the 
air, with formation of potassium carbonate 

The presence of a carbonate may be proved by pouring the 
liquid into a test-tube and adding 2 or 3 c.c. of dilute hydrogen 
chloride ; an effervescence will occur'*, and the escaping gas may 
be tested with lime-water in the usual way (p. 195). 

(f) Its solution has a strong alkaline reaction. 

Potash is, in fact, the typical ‘alkali’ (a word meaning 
‘ ash ’). 

This may be proved by putting a drop of the .solution on a 
strip of reddened litmus. The reason why the blue colour of 
the litmus is restored has been explained already, p. 122, note. 

{d) It combines with oils and fats, forming soap. 

Pour a little water into a test-tube and add a few drops of 
olive oil (common ‘ sweet oil’) which will, of course, float on 
the water and not mix with or dissolve in it at all, even when 
shaken. Now add five or si.x drops of solution of potassium 
hydrate, and shake up the mixture. A thick cream-like solu- 
tion of soap will be pi ocluced ; 'the potassium hydrate having 
acted on the oleates and stearates present in the oil, to form 
potassium oleate and stearate, of which ‘ soft soap ’ is mainly 
composed. 

(e) It acts upon most organic substances, decomposing 
and dissolving them. 


‘ a ICHO + CO 3 = KjCO, - 1 - H,0 

’ Potassium hydrate Itself does not effervesce^when an acid is added. 
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Put a small bit of flannel (or silk) into the remainder of the 
solution of potassium hydrate, and apply heat. Tt will be 
bioken up and dissolved, but will be re-precipitated on addition 
of an excess of ((ilutc hydrogen chloride. , 

This exjilains the action of catistic potash and of soap upon 
the skin, which it softens and dissolves. 

We learn also that liquids containing much fiee potash should 
not be filtered through paper, although tfte action on cotton is 
not so strong as that on wool. 


Tests for compounds of Potassium. 

[.A. solution of potassium nitiate, containing i grnr. of the salt dis- 
solved in 30 c.c. of water may be used.] 

Nearly all the salts of potassium are soluble in water, and 
hence no precipitates are foimed with any of the gioup reagents 
hitherto used, 

♦I. Their solutions, when tested with platinum per- 
ohloride, give a yellow crystalline precipitate. 

Add to a portion of the solution of potassium nitrate a drop 
of dilute hydrogen chloiide and then two diops of solution of 
platinum perchloiide. Divide the liquid into two portions; — 

{a) Set aside one portion for a few minutes, shaking it occa- 
sionally and stiinug it with a glas.s rod. A yellow precipitate, 
consisting of minute octohedra of potassium-platinum chlo- 
ride, will be giaclually formed. 

(i) Pour the remainder into a watch-glass and evaporate it to 
dryness on the sandbath, at a gentle heat. Mix in a test-tube 
equal volumes (about 5 c.c.) of water and common alcohol, and 
pour some of the mixture upon the rtfsidue, when the latter has 
cooled a little. Break up the dry crystalline ciust with a glass 
rod, and stir the whole together ; allow it to stand for a few 
moments, then decant the solution, pour on the residue some 
moie of the weak alcohol, add stir together as before. A light 
yellow residue, consisting of potassium-platinum chloride, will 
remain, since the salt ^ insoluble in alcohol. This is the best 
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mode of applying the test when small quantities of potassium 
have to be detected, 

*2. With soditim-hydrogen tartrate they give a white 
qrystalline precijiitate. ,, 

Add to another portion a few drops of solution of sodium- 
hydrogen tartrate, ^rub the sides of the test-tube with a glass rod 
(p. 217), and shake the mixture. A ciystalline precipitate of 
potassium-hydrogen fXrtrate will be formed, more quickly if 
some common alcohol is added. 

*3. Heated on platinum wire in the Bunsen’s burner 
flame they tinge the flame bluish lavender. 

Moisten a perfectly clean platinum wire with hydrogen chlo- 
ride, dip it into a little powdered potassium nitrate, and hold it 
in the flame, 'ihe latter will be coloured lavender, and if looked 
at through a piece of deep blue glass will appear crimson’. 


2. SODIUM. 

[Symbol of atom, Na (natrium). 

Weight „ 23 hydrogen-atoms.] 

Properties of Sodium. 

[The metal sodium requires quite as much caution in dealing 
with it as potassium ; and the remarks on p. 452 apply with equal 
force to sodium and sodium hydrate.] 

These should be e.xamined in piecisely the same way as the 
corresponding properties of potassium (p. 452). 

1. Its metallic lustre, softness, and ready combination 
with oxygen, when exposed air. 

2. It is lighter than water. 

3. It decomposes water, liberating hydrogen and form- 
ing sodium hydrate. 

It will be found, that the metal has many points of resem- 
blance to potassium, but that it does not tarnish quite so readily 
m the air, and that when placed upon water it causes the evo- 


' Glass coloured with cobalt transmits both blue and red rays, and the 
light emitted by ignited potassium vapour conttyns many of the latter. 
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lution of hydrogen, but that the action is not so violent as to 
inflame the gas. 

If, however, a piece of blotting-paper is floated on the water, 
and a bit of sodi^um is placed in the centre of it so as to confine 
It in one place and thus prevent tiie distribution of the heat, the 
gas evolved will catch fire, and bum with an intense yellow 
flame, the colour being due to the volatilisation of a portion of 
the sodium. 

[Be careful to hold the large funnel over the red-hot globule, the 
moment that the flame goes out.] 

4. It unites ■with meroury, forming an amalgam. 

Place in a small dry test-tube a globule of mercury about twice 
as large as a pea. Cut off a piece of sodium about half the size, 
and carefully free it fiom naphtha by blotting-paper ; then cut it 
into a number of small pieces (no larger than a pin’s head), 
and, having pieviously heated the mercury slightly, add to it the 
bits of sodium, one by one. The two metals will combine with 
a slight explosion, foiming a semi-fluid alloy or amalgam, Re- 
serve it, corking the tube tightly, for use in a futuie experiment, 
p. 464. 


Compounds of Sodium. 

Formula of 
molecule. 

[Typical examples,— Sodium hydrate, (Na HO) 

„ chloride, (Na Cl) 

„ sulphate, Na^SO* 

„ carbonate, NasCOj 

„ -hydrogen carbonate, NaHCOg 

Many other sodium salts have been made and examined already ; 
c.g. sodium phosphate, p. 300.] 

Prepaa-atiou of Sodium hydrffte (‘oaustio soda’). 

This is made by boiling a rather dilute solution of sodium 
carbonate with an excess of lime : sodium carbonate and cal- 
cium hydrate giving sodium hydrate and calcium carbonate, 
which latter is precipitated " 


‘ Nn,CO^+CalIA = Ca.CO, + a NaHO 
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Powder about 3 or 4 grms. of quicklime, and mix^it in the 
mortar with 10 c.c. of water. Place 25 c.c. of solution of sodium 
carbonate (the ordinary laboratory solution) in a beaker, add to 
it, the whole of the lime and boil it for ten rijinutes, covering 
the beaker loosely with a watch-glass or glass plate, to pi event 
access of carbon dioxide from the air. Allow the precipitate of 
calcium carbonate to subside for a minute, then pour off a few 
drops of the clear solution into a test-tube, and add excess of 
dilute hydrogen chloride. No effervescence should occur, thus 
proving that all the carbonate has been decomposed. 

[If there is any effervescence a little more lime must be gi'ound 
up with water and added to the remainder of the liquid in the 
beaker, and the boiling continued for a few minutes longer.] 

When you have thus ascertained that the reaction is complete, 
the contents of the beaker may be filteied into a test-tube (the 
solution of sodium hydrate is not so concentrated as to destroy 
the filter), and used in the next expt. 

[Potassium hydrate is prepared in exactly the same way, a solu- 
tion of potassium carbonate (l part by weight of the salt dissolved 
in not less than 12 parts of water’) being substituted for the sodium 
carbonate.] 

The propeities of sodium hydiate closely resemble those of 
potassium hydrate, and need not be fully examined. Its chief 
use IS for the manufacture of ordinary soap, which may be 
illustrated as follows : — 

Put about 10 c.c. of the solution of sodium h)drate into an 
evaporating dish, add about 2 c.c. (rather less than a tea- 
spoonful) of olive oil, and boil the jnixture wilh frequent Stirling 
until a clear viscid solution is obtained. Add to this 2 or 3 grms. 
of common salt, stir, and^boil again for a minute : then allow 
It to cool. While, cuidy flakes of common ‘ hard soap’ (sodium 
oleate, stearate, &c.) will be separated (since soap is insoluble in 
solution of sodium chloride) and rise to the top : while the 
solution below contains glyceiin, * 

’ If the solution is stronger than this, the whole of the carbonate cannot 
be decomposed by the calcium hydrate. , 
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Sodium-hydrogen carbonate (‘bicarbonate of soda’). 

Oidinary sodium carbonate (‘washing soda’) is made from 
common salt by processes which cannot weK be illustiated on a 
small scale. It combines readily, in presence of water, wfth 
caibon dioxide, foiming sodium-hydrogen carbonate, which is 
much less soluble in water than tbe normal Salt. 

Dissolve 5 grms. of oidinary crystallised sodium caibonate in 
10 c.c. of water, by the aid of heat. While the solution is cool- 
ing, fill a large gas-bottle with caibon dio.xide by displacement, 
in the manner shown in fig. 8t, p. 188 (a few small lumps of 
marble or chalk in a large test-tube, fitted with funnel and 
elbow-tubes, will give enough gas). When the solution of 
sodium carbonate is quite cold, filter it fionf any deposited 
crystals, pour it into the gas-bottle, and shake it up in the gas, 
putting a small strip of the thinnest paper between the stopper 
and neck of the bottle; then leave it for several houis at least, 
occasionally shaking it. The carbon dioxide will be gradually 
absoibed by the salt, and ciystals of sodium-hydrogen carbonate 
will form in the bottle'. Collect these on a filter, and wash 
them with two 01 thiec changes of water; then tiansfei some 
of them to a test-tube, for use in the next expt., and dry the rest 
on the filter at a gentle heat. 

The following properties of the salt may be obseived: — 

1. It is not very soluble in water, and. its solution, when 
tested with mercury perchloride, gives scarcely any 
precipitate. 

Shake up the crystals in the test-tube with about 5 c.c. of 
water. They will only gradually dissolve, differing greatly in 
this respect fiom the oidinaiy caibonate. Add to the solution 
a drop or two of solution of mercury perchloride: a slight 
cloudiness onl}’ will be formed, consisting of mercury oxy- 
chloride. 

For the sake of comparison, shake up about the same quan- 
tity of the ordinaiy crystallised sodiuyn carbonate with 5 c.c. of 

‘ NajCO, + HjO -H COj - aNaHCOj 

Compaie tile formation of ealcium-hydrogen carbonate, p. ipi. 
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water, noting the ready solubility of the substance, and test the 
solution with mercury perchloride. A dull reddish precipitate of 
mercury carbonate will be formed. 

When heated? to redness, it is d.ecoinposed, giving off 
carbon dioxide and water, and being converted into the 
normal sodium carbonate. 

Put the dried crystals of sodium-hydrogen carbonate into a 
small test-tube, and her* them rather strongly. Carbon dioxide 
will be given off, and may be tested for 111 the usual way, with a 
pipette dipped in lime-water. When the residue in the tube is 
cool, dissolve it in water, and test the solution with mercury 
perchloride. A reddish precipitate will show that the normal 
carbonate is now piesent. 

This decomposition of sodium-hydrogen carbonate by heat, 
with evolution of caibon dioxide, explains its use in baking to 
render the bread, &c,, light and porous owing to the innumer- 
able bubbles formed in the soft dough by the escaping gas. 

The salt is also extensively used in making effervescing 
draughts; since, when acted on by acids such as tartaric acid, it 
gives off much more carbon dioxide than an equal weight of the 
normal carbonate (as will be evident on compaiing the weights 
of the molecules of the two substances). 

Tests for compounds of Sodium. 

[A solution of sodium chloride, containing 1 gim. of the salt dis- 
solved m 25 c. c. of water, may be used.] 

1. Their solutions, when tested with platinum per- 
chloride, give no precipitate. , 

Put a few drops of the solution of sodium chloride into a 
watch-glass, add a couple ^of drops of platinum peichloride and 
evapoiate to dryness. A residue, but no yellow particles, will 
be obtained, which will completely dissolve in dilute alcohol. 
(Compaie the lesult obtained in the case of potassium, p. 456.) 

2. With sodium-hydrogen tantrate they give no pre- 
cipitate. 

In fact, all the compounds of sodium (except sodium met- 
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antimonate) are soluble in water, and their presence is usually 
infeixed from the following characteristic reaction. 

■*3, Heated on platiniim -wire in the Bunsen’s burner 
flame, they tinge the flame intensely ySHow. 

This has been already observed, p. too, but should be tried 
again. When a piece of deep blue glass is held in fiont of the 
flame the intense yellow light is entirely cut off, and hardly 
anything but the faint bluish flame off- the burner is visible 
through the glass. 


Additional Experiments. 

[It will be best to do these at night, or in a darkened room.] 

The light emitted by ignited sodium vapour consists almost en- 
tirely of yellow lays of one definite refrangibility ; and it may be 
interesting to examine the character of this simple ‘ homogeneous ’ 
light a little more closely. 

1. If the rays fall on any surface which cannot reflect that parti- 
cular kind of light, that surface appears perfectly black, whatever its 
colour may be in ordiiiaiy white light. 

Melt a little sodium caibonate in the ring at the end of a piece of 
platinum wire, and grasp the wire in the Bunsen’s holder, so that it 
may be held steadily just within the border of the Bunsen flame. 
The sodium carbonate (which is piefeiable to sodium chloride as 
being less volatile) will yield an intense yellow light for a con- 
siderable time. Place a blue flower, such as a lobelia or larkspur, 
or a few crystals of copper sulphate, on a sheet of white paper and 
hold them near the light. They will appear quite black, for the 
reason above explained j while if the air-holes of the burner are 
temporarily closed so as to get the usual luminous gas-flame, their 
blue colour is plainly seen. 

2. If the rays fall on a surface which can reflect them, and them 
only (f. e. what we call a ‘ yellow ’ siufsce), that surface appears un- 
distinguishable in colour fiom a white surface placed near ; since 
although the tvhite surface could reflect other rays, there are in the 
sodium light no others to fall upon it. 

(a) Place a piece of strongly yellow tumieric-paper or a few 
crystals of potassium chromate on a shdet of white paper, and hold, 
it in the yellow light, all other light being excluded. The yellow 
substances will appear pf the same colour as the paper ; yellow rays 
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only are falling upon both, and hence both appear yellow. On 
obtaining, however, a white flame by stopping the air-holes of the 
burner, the paper reflects all the white light which falls on it, while 
the turmeric and tha potassium chromate reflect only the yellow. 

'{b) Form a scarlet stripe or pattern upon a shebt of white paper 
with mercury iodide h When it is held in the yellow light it will 
almost disappear. .,The reason is that mercury iodide reflects a 
large number of yellow rays as well as red ; there are none of the 
latter in the sodium lijht, hence the substance can only appear 
yellow, and the paper also. A scarlet geranium shows a similar 
effect, and if several stripes of different brilliant colours are painted 
on paper they all appear, of different shades of yellow or black, 
accoidingto the amount of yellow rays which they can reflect. 

% 

3. AMMONIUM. 

[Formula of radicle, H4N. 

Weight „ 18 hydrogen-atoms.] 

The mode of preparation and propeities of ammonia have 
been given already, p. 146 ; and it has been noticed that it com- 
bines directly with hydrogen salts to form substances which all 
agree in containing a radicle composed of 4 atoms of hydrogen 
united with i atom of nitrogen, which is called ammonium, 
Sbme of these compounds are mentioned in the following list, 
and the preparation of nearly all of them has been already illus- 
ti ated in the experiments to which a reference is given. 

Compounds of Ammonium. 

Formula of molecule, 

[Ammonium hydrate, "(HiN) HO (p. 152). 

„ chloride, (H^N) Cl (p. 238). 

„ nitrate, (H4N) NO, (p. 160). 

„ carbonate, (H4N)2C03 (p. 89). 

„ sulphide, (H4N)2S] 

The radicle, ammonium, although it can be transfer! ed from 
one compound to another (see, fwr instance, the experiment 

^ This h.is been already prepared, pp. 84, 92. It should be mixed with 
a little gum and applied with a camel’s hair brush or a tuit of cotton wool. 




464 


AMMONIUM. 


given on p, 85), has nevei with certainty been isolated, owing 
to the extreme readiness with which it breaks up into ammonia 
and hydrogen, but the salts containing it so closely resemble 
those of potassium and sodium that it is at 'least possible that, 
if it is ever isolated, it may appear as a metal. The following 
experiment is thought to show that it even resembles a metal in 
forming an amalgam \\ith mercury. 

Preparation of Ammonium-amalgam. 

This is most readily formed by acting upon ammonium 
chloride with sodium-amalgam ; a double decomposition taking 
place which results in the ammonium being transferred to the 
mercuiy '. 

Make a stiong solution of ammonium chloride by shaking up 
7 grms. of the powdered salt in 20 c.c, of water, noticing the 
cold produced by the solution of the salt. Support the test- 
tube containing the sodium amalgam (already made, p. 458) in 
a beaker standing on a plate, and pour into it the solution of 
ammonium chloiide. The amalgam will immediately begin to 
increase in bulk, swelling into a giay porous mass which, will 
probably half fill the tube. Shake it out upon a dish; notice 
its pasty consistence, and also that when no longei immeised 
in the solution of ammonium chloiide it begins to decompose, 
shrinking in bulk, giving off ammonia and hydrogen, and finally 
leaving nothing but a globule of mercury. The piesence of 
ammonia will be proved by its smell and its alkaline action 
upon a piece oi reddened lilnius-paper held just over the 
decomposing mass. 

Tests for compounds of Ammonium. 

[The ordinary laboratory solution of ammonium chloride may be 
used.] 

*1. They volatilise when heated, usually without de- 
composition. 

Put a small bit of ammonium carbonate into a test-tube and 


> HgNji + HiNCl = NaCI + Hg(,HiN) 
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heat it rather strongly. Observe that as it becomes hot it lolls 
about the test-tube when, shaken, without apparent friction ; 
owing to the formation of a layer of vapour which prevents it 
fiom actually touching the glass. It will volatihse entiiely, with- 
out previous fusion. » 

The volatility of ammonium chloride has beenpioved already, 
p. 239. 

It has also been sliown, in preparing nitrogen monoxide, 
p. 178, that ammonium nitrate is decomposed when heated and 
does not volatilise unchanged, thus forming an exception to the 
general rule. 

*2. Heated with quicklime they give off ammonia. 

Place a little powdered calcium oxide in a small beaker, add 
just enough witter to cover it, and then one or two drops of 
solution of ammonium chloride. Cover the mouth of the 
beaker with a watch-glass, on the convex (and lowermost) side 
of which has been spread a moist slip of reddened litmus-paper 
and a similar slip of turmeric-paper. Heat the beaker very 
gently on the sand-bath. In a short time ammonia will be 
evolved by the action of the calcium hydrate on the ammonium 
salt, and will restore the blue colour to the litmus-paper and 
redden the turmeric-paper. When this is seen to be the case, 
remove the watch-glass, notice the odour of ammonia in the 
beaker, and also test for it by dipping into the beaker (without 
touching the sides) a glass tod moistened with strong hydrogen 
chloride or, better (since hydrogen chloride itself fumes per- 
ceptibly), strong hydrogen acetate. 

3. With platinum perchloride they give a yellow crys- 
talline precipitate. • 

This has been noticed alieady, under platinum, p. 393. 
The precipitate closely resembles that formed by potassium 
salts under similar circumstances, and hence potassium must 
be proved to be absent before the test can be applied to detect 
ammonium. 
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' Additional Experiments. 

Eormation of other radicles derived from Ammonium. 

Each of the fojir atoms of hydrogen in the molecule ofammoniupi 
can be replaced by an equivalent afmount of some other radicle, and 
thus a large number of new radicles are obtainable. The formation 
of one of these, cupraminonium, has been noticed already, p. 354 , 
and several similar radicles can be foimed Jjy the action of mercury 
salts. 

1, Dimercurammonium chloride (UgH^NCl). 

Put some solution of ammonium hydrate into a test-tube and add 
a few drops of solution of mercury perchloride. A white precipitate 
will be formed, which is a compound of chlorine with dimercuram- 
iiionium, a radicle dciived from ammonium by the replacement of 
two atoms of hydrogen by one atom of (divalent) 'mercuiy, as the 
formula shows h 

2. Tatramercurammonium iodide (HgjNI). 

(MTasaler’s test for ammonium.) 

This substance is foimed when uieicury iodide acts upon ammo- 
nium salts in presence of an excess of potassium hydrate, and its 
formation aftbids an extremely delicate test for the presence of 
ammonium. 

In the first place a solution of ineicury iodide in potassium 
iodide must be prepared. 

Take 5 c.c. of solution of potassium iodide (the ordinaiy labora- 
tory solution), and add to it, drop by drop, solution of mercuiy per- 
chlonde, shaking after each addition. The piecipitate of mercury 
iodide will at first be readily redissolved. Continue the addition of 
meicuiy perchloiide until the last drop produces a slight permanent 
precipitate, insoluble even on being shaken ; then add an equal 
volume of solution of potassiiyn hydrate (the ordinary laboratory 
solution) and filler-. The solution thus made is called ‘Nessler’s 
test solution,’ fiom the chemist who discovered it, and the following 
e.\penments will illustrate its application. 

‘The nieiciiry o.xide which would naturally be foimed (in the same way 
as by the action of potassium hydiate, expt, l>, p. 338 ) acts upon the ammo- 
nium radicle Two atoms of hydrogen are taken out, and combine with 
oxygen, forming water ■ while an .ftom of mersui y talres tlieir place. Thus — 
2(11, N)HO -I- HgCl, = HgHjNCl -h ITNCl -h 211,0 

fhe excess of .potassium hydrate is not enough to act mateiially upon 
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(a) Dilute two or three drops of solution of amtnoniuiji chloride 
with 10 c.c. of water and add some of the Nessler’s solution just 
made. A reddish precipitate will be formed, consisting of tetra- 
mercuraramonium iodide ' ; the radicle being formed by the re- 
placement of all the four atoqis of hydrogen in a molecule of 
ammonium by two atoms of (divalent) mercury. 

(b) To show the delicacy of the test, put one drop of solution of 
ammonium chloride into a large test-tube and add 50 c.c. of water. 
Pour away the whole o? this solution, and add 50 c.c. of water to 
the small portion still adhering to the tube. If the tube be placed 
on a sheet of white paper, and a few drops of Nessler’s solution 
added, a distinct yellow colour will appear, though mere traces only 
of ammonium chloride can he present. 

(c) Test about 50 c.c. of common rain water with Nessler’s 
solution. It will almost invariably become yellow 01 orange, owing 
to the ammonium salts which the rain dissolves in falling through 
the air. 


4. HYDBOGElSr. 

[Symbol of atom, H. 

The hydrogen-atom is taken as the unit of atomic weight.] 

The preparation and properties of hydiogen have been 
already given in Sect. II. E.x. 2 (p. 124). The element, although 
it does not (even when liquefied and solidified) show many of 
the usual characters of a metal, such as bright lustre, high den- 
sity, tenacity, &c., yet appears in its chemical characters to be 
one of the most typical members of the metallic gioup. It com- 
bines with all the non-metallic radicles such as chlorine, oxygen, 
sulphur, the phosphate radicle, &cT, to form tiue salts, viz. the 
substances which still retain their old name of ‘ acids.' More- 

O 

over, when its compounds are decomposed by electricity, it 
always appears at the negative electrode, showing its electio- 
positive chaiacter. 

Many of the salts of hydrogen, or ‘adds,’ have been prepared 
already : for instance : — ' 


1 (H,N)C 1 + sHglj + 4KHO = HgjNI +is.Cl X 3KI + 4H,0 
H h 2 
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HYDROGEN. 


Formula of 
molecule. 

Hydrogen nitrate, HNOa (p. 156) 

„ chloride, HCl (p. 2^6) 

p „ sulphate, H^SO^ (p. 284) 

„ phosphatd, H3PO1 (p. 299) 

„ borate, H3BO3 (p. 304). 

r 

Properties of Hydroge,*! salts. 

The following general characteristics of acids should be 
noted : — 

1. They, as a rule, redden blue litmus-paper, but do 
not alter the colour of tiumeric-paper. 

[The reason of the change in colour of litmus-paper has been 
explained on p. 122, note.] 

This property has been frequently observed already (see, for 
instance, pp. 160, 237, 286) and it belongs to most of the 
hydrogen salts which ate likely to be met with in the course of 
elementary work. Hydrogen borate, however, while it has the 
usual acid reaction on blue litmus-paper, turns tmmeric-paper 
pinkish red (p. 305). 

*2. They decompose sodium carbonate and other car- 
bonates, with evolution of carbon dioxide. 

This has been illustrated alicady, p. 195. 

8. They are, in many cases, decomposed by metals 
suoh as zinc, with evolution of hydrogen gas, and form- 
ation of a neutral salt. 

The action of hydtogen chloride, for instance, on zinc has 
been examined aheady, p. 80. 

The presence of hydrogen salts will be easily recognised in 
the course of an analysis by tests i ajid 2. But it must be re- 
membered that many double salts containing another radicle as 
well as hydrogen are known (for example, sodium-hydrogen 
tartrate), and hence another metal should always be examined 
for, unless the substance ha| the characteristic properties, such 
as volatility, of the hydrogen salt of the non-metallic radicle 
which has been detected. 
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PART II. 

QUALITATIVE ANALYSIS OF SINGLE SUBSTANCES. 


SECTION I. 

' EXPLANATION OE THE ANALYTICAL COURSE. 


Every portion of matter, consideied chemically, is either a 
single substance or an aggregate of two or moie single sub- 
stances. By a single substance, we mean a substance from 
which no pait, having different properties from the rest, can be 
separated by any physical means, such as pounding and sifting, 
or the action of solvents, or distillation, or diffusion. Water, 
and salt, and hydrogen, and indeed most of the various sub- 
stances whose properties you have been studying, are single 
substances'. Other portions of matter, consisting of two or 
more single substances aggregated together, such as a mixture 
of salts, 01 apiece of rock, or any part of a plant or of an animal, 
are called mixtures. 

According to this twofold division of natural objects, analysis 
is divided into the analysis of single substances, and the analysis 
of mixtures. Further, the analysis may in each case be either 
qualitative or quantitative, the former having for its object the 
identification of a single substance or of the ingredients of a 
mixture, the latter enquii^ng in what proportions the elements 
of a single substance, or the various single substances in a 
mixture, coexist. 

^ Of the four divisions of analysis thus indicated, the present 

' The term ‘ chemical substance ’ is often used in this sense, but has the 
disadvantage of suggesting a peculiar class of substances instead of ex- 
piessing the simple tact. 
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volume treats only of the fiist — the qualitative analysis of a 
single suLstaucc. 

T wo further limitations should be named in oi'der exactly to 
define the scope of the analytical course wlfich follows. Firs^t, 
you will have observed that the rpreceding exercises deal only 
with the commoner or more abundant elements. About half 
the elements at piesent known ate so rare that it is found expe- 
dient to exclude them from consideration in framing the ana- 
lytical couise. Secondly, of the compound radicles formed from 
these elements some ate continually met with among natural or 
artificial products, while others occur but seldom. Here, again, 
it has been necessary to make an arbitiary limitation, and to 
select from a host of such radicles those of a few of the com- 
mone.st substances. The pioblem, then, which' the following 
analytical course supplies the means of solving should be stated 
thus : — Given a single substance consisting of one or more of 
the radicles already treated of, to find out what it is. 

The great majority of the substances which present them- 
selves foi analysis consist of a combination of a simple radicle, 
belonging to the class of metals, with a simple or compound 
radicle belonging wholly or chiefly to the non-metallic class ; a 
ferv contain more than one radicle of either class. For example, 
the molecule of sodium chloiide, NaCl, consists of the simple 
metallic ladicle Na and the simple non-metallic radicle Cl; 
silver iiitiate, Ag N O3, of the simple metallic radicle Ag, and 
the compound non-metallic radicle N O3; sodium-potassium 
tartrate KNa (CjH^O„), sodium-ammoniiim-hydrogen phosphate 
Na(HjN)H(P O4), magnesium phosphate and fluoride Mg^PO^F, 
exemplify the union of morerthan two radicles. Conformably 
with this fact as to the constitution of substances, the course of 
analysis consists of two principal partE, the one determining the 
metallic radicle or radicles, the other the non-metallic radicle 
01 radicles of which a substance is formed. 

It is by no means necessary actually to obtain the simplest 
forms of matter (the so-call€d ‘ elemepts ’) from a substance in 
order to asceitain its composition. It is sufficient to cause the 
formation of compounds which, from their colour, solubility, &c.. 
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and ihe conditions undei which they are foimed, may be recog- 
nised as substances containing particular elements. For instance, 
it was observed (p. 274) that when antimony sulphide (a com- 
pound of antimon^ with sulphur) is acted upon by an acid such 
as hydrogen chloride, a gas 'is evolved which blackens paper 
moistened with a solution of lead acetate. The formation of 
this black compound of lead, under the circumstances there 
given, is accepted as a proof of the presence of sulphur in the 
substance. 

In many cases a group of two or more elements appeals to 
be moie easily detached from a substance than the individual 
elements ; the substance, like a crystal, cleaving more easily in 
some diiections than in others. An illustration of this will be 
found on p. i§7. The substance, m.u'ble, from which we have 
considerable difficulty in obtaining carbon, oxygen, and calcium 
individually, we found to yield by very simple treatment a gas, 
the properties of which were examined. Having once ascer- 
tained that this gas is composed of caibon and oxygen in ceitain 
proportions, we are satisfied, in the examination of other sub- 
stances, if we can obtain the same gas from them by the action of 
hydrogen chloride. Substances which yield the gas when thus 
treated, we place under one head and call them ‘ carbonates.' 
Similarly, in examining marble for its other constituent, 
calcium, we do not attempt to isolate the element; we stop 
shoit of this point, and are satisfied with obtaining a compound 
with well-marked properties, from which it has once for all 
been proved possible 10 obtain calcium. Substances from 
which w'e can obtain this compound, we class together as 
‘ CALCIUM salts.’ ' » 

We find, in fact, that ceitain groups of elements can be 
transferred from one coinpound to another, and the analysis of 
a substance is effected when it has been resolved into groups, 
the composition of which is known. 

The acquaintance which has been gained in Part I with the 
properties of the vaiious* radicles ifnd their compounds furnishes 
a means of distinguishing any one fiom the rest and identifying it. 
But it remains to be seen in what maniT,er this end can be most 
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surely and quickly accomplished. It might be possible by trying 
ill any or5er a sufficient number of the experiments described in 
the section upon the substance under examination, to discover 
at last its true nature ; but much time wouW be lost upon ex^- 
perinients which yielded no information, the presence of other 
radicles might interfeie with the tests for any particular one, 
and the analysis would not unfrequently end in inextricable con- 
fusion. We ought to start, -then, with a alear perception of the 
relative value of the tests we are going to employ ; we must 
select them on definite principles, and observe a definite order 
in applying them. 

No better course can be followed in an analysis than the 
strictly logical one of 

I St. Finding out the genus to which the radicle belongs. 

andly. Ascertaining the species. 

3 rdly. Identifying the individual. 

In this way we are enabled to concenti ate out search on fewer 
and fewer subjects, dismissing altogether the other radicles from 
our attention, until finally we are led to the conviction that one 
particular ladicle must be present. 


DISTRIBUTION OF THE RADICLES INTO GROUPS 
FOR THE PURPOSES OF ANALYSIS, 

In following out the above principle, the first step will be to 
take a number of solutions each containing one of the radicles 
under consideration, ami to try the effect of some one particular 
test upon each. We should fifld that in some cases the radicle 
rvas separated by precipitation owing to the formation of an in- 
soluble compound of it, while hr the r^t no apparerrt effect was 
produced. We should place all those radicles which could be 
separated thus, in a group by themselves. W'e should then liy 
the effect of another test on each of the remaining solutions, 
and those radicles which coCtld be separated by means of it 
would constitute another group. Proceeding thus, we could 
sort all the radicles into different groups, which we might dis- 
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•» ^ 

tinguish by the name of the test by which all the memb^ers of the 
group could be separated. 

The process thus indicated has been gone through with great 
c^re by chemists, and the following experiments may be made 
to illustrate it. 


A. Non-metallio Radicles. 

Place five test-tubes in the stand, and put into them, respec- 
tively, eight or ten drops of solutions of 

I. 2. 3. 4. S. 

Sodium I Ammonium I Ammonium Potassium Potassium 

CARBONATE, j OXALATE, j CHLORIDE. [ IODIDE. | NITRATE. 

[The ordinaiy laboratory solutions may be used ^.] 

Add to each^about 20 c.c. of water, and write the contents of 
each tube upon the strip of slate in front of it (or place a label 
on the tube itself). 

1 . Barium Chloride Test. 

Pour about 5 c.c. of the solution of sodium carbonate into 
another tube and add a few drops of solution of barium 
chloride, A white precipitate will be formed, and if the 
barium chloride was added in excess the whole of the carbonate 
radicle might be separated as insoluble barium carbonate. 

Test portions of each of the other solutions in a similar way. 
It will be found that barium chloride produces a precipitate in 
the solutions of sodium carbonate and ammonium oxalate, but 
not in the solutions of ammonium chloride, potassium iodide, or 
potassium nitrate. And by examining solutions containing other 
non-metallic radicles in the same, way, it would be found that 
they could be divided into two groups, viz . — 

I ’ n 

Radicles winch are separated from Radicles which are uot separated 

neutial soliiliuiib by fiom neutral solutions by 

barium chloride. barium chloride. 

[See the Table on p. 479.] 

^ 

* These salts are so selected that the presence of the othei radicle 
(sodium, ammonium, &c.) has no influence on the folmation of a preci- 
pitate. « 
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" r 

The ppctical inference, then, is,' — If on testing a neutral 
solution (containing an unknown single salt of an alkali-metal) 
with baiium chlor.de, a piecipitate occuis, one of the ladicles in 
(lioup I must bf present. r 


2. Silver Nitrate Test. 


We next proceed to see whether, ogf of all the remaining 
radicles, some may be separated from the test on a similar 
piinciple. 

Take fresh portions of the solutions of ammonium chloride, 
potassium iodide, and potassium nitiate, and test each with a 
few diops of solution of silver nitrate. Precipitates consisting 
of insoluble compounds of silver will be obtainetl in the case of 
the chloiide and iodide, but none in the solution containing the 
nitrate. 

In this wa}' we may divide all the ladicles which are not pre- 
cipitated by baiium chloride into two groups, viz , — 


r — — ^ 

Katlides which aie separated from Radicles which are not separated 

neutral soUuiuns by from ncuiral solutions by 

silver nitrate. silver nitrate. 

[See the Table on p. 479.] 

Hence, b}' applying only two tests we are enabled, in the 
further comse of analysis, to limit our search to the members 
of that group to which the radicle has thus been proved to 
belong. 


formation of sub-groups. 

The ne.xt step will be to fly the action of other reagents on 
the members of each group, in order to be able to carry the 
principle of division still further, and to arrange them in smaller 
sub-groups. Foi instance, — 

Take the poitions of the solution of fimmonium chloride and 
potassium iodide which contain the precipitates produced by the 
addition of silver nitrate, a'dd to each some solution of am- 
monium hydrate, and shake the mixture. The piecipitate 
produced in the solution of the chloride will be dissolved, while 
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that which was pioduced in the solution of the iodide tyill remain 
undissolved. And if the same experiment was repeated with all 
the members of Group II, it would be found that they may be 


9,iTanged in two divisions. 

A. 

Radicles, the silver coinponncls of 
which are soluble in ammonia. 
Cyanides. d 
Chlorides. 

Bromides (with difficulty). 
Thiosulphates. 
Hypophosphites. 
Acetates. 


B. 

Radicles, the silver compounds of 
which aie insoluble m ammonia. 
Iodides. 

Sulphides. 


Characteristic and Confirmatory Tests. 

Finally, when we have thus divided the radicles into con- 
veniently small groups, we proceed to apply tests which give 
characteristic reactions with the individual members of each 
group. For instance, — 

Take a fresh poition of the solution of potassium iodide, add 
a few drops of carbon disulphide, and one drop of solution 
of chlorine. The solution will become yellow, and after 
agitation the carbon disulphide will collect at the bottom of the 
tube in a globule of a violet colour. This, as we have already 
seen (p. 259), is a reaction which distinguishes an iodide from 
all other substances, a bromide being the only one which gives 
a result at all similar. We might here rest content with having 
obtained one reaction which is characteristic of the presence of 
one paiticular substance. But it is highly expedient to accu- 
mulate evidence, so as to leave no possible loom for doubt as to 
the constitution of the substance tinder examination; and other 
confirmatory tests should always be tiled. 

Thus, in the case of the solution of potassium iodide, a pre- 
cipitate has been obtained with silver nitrate, pioving that the 
radicle belongs to Grpup II: this precipitate is insoluble in 
ammonia, and the ladicle therefore is included m division B; 
the yellow colour of the’ precipitate and reaction with solution 
of chlorine and carbon disulphide indicate tl\e presence of an 
iodide. Assuming, then, that an iodide* is present, we try the 
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aclion of^other tests which are known to give characteristic re- 
actions with an iodide. For example, — 

Take a fresh portion of the solution of potassium iodide, add 
to it a few drops of solution of starch, and then a drop qf 
solution, of chlorine. The sc/iution will acquire an intense 
blue coloui. This reaction is absolutely characteiistic of an 
iodide (p. 255), and confirms the previous results. 

f 

B. The Metallic Badicles. 

These may be divided into six veiy definite and easily dis- 
tinguishable groups, in the manner illustrated by the following 
e.xperiinents. 

Place in test-tubes about i c.c. of each of the following solu- 
tions (the ordinary laboratory solutions may be, used), and dilute 
with 20 c.c. of water. Wiite the contents of each on the slate 
strip in front of the test-tube stand (or place a label on the 
tube itself). 

^ , 2. 3. 4. 

SiLA'ER Copper Iron I Barium 

NITRATE. I SULPHATE. | PROTOSULPHATE. | CHLORIDE. 

5 . 6 . 

Magnesium I Ammonium 

SULPHATE. I CHLORIDE. 

1, Hydrogen Chloride Test. 

Test portions (about 5 c.c.) of each of the above solutions 
with a few drops of dilute hydrogen chloride. A white pre- 
cipitate will be formed in the solution of silver nitrate, but not in 
any of the others. , 

We place, then, in one gioup metals such as silver, which are 
precipitated from solutions by hydrogdn chloiide. 

[See the Table on p. 480.] 

2. Hydrogen Sulphide Test. 

Take the portions of each ‘bf the sohilions to which hydiogen 
chloiide was added in the last experiment without pioducing 
a precipitate, and testoeach with some solution of hydrogen 
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sulphide. A precipitate will be produced in the solution of 
the copper salt, but not in any of the others. ’ 

We associate in another group metals such as copper, which 
are precipitated frcAn solutions containing hydrogen chloride by 
hydrogen sulphide. 

3. Ammonium Sulphide Test. 

Take fresh portionie of the solutions of iron protosulphate, 
barium chloride, magnesium sulphate, and ammonium chloride, 
and test each with solution of ammonium sulphide. A precipi- 
tate will be produced in the solution of the iron salt, but not in 
any of the others. 

We form, therefore, into a third group metals, such as iron, 
which are not "precipitated from solutions containing hee acid by 
hydrogen sulphide, but are precipitated from neutral solutions 
by ammonium sulphide. 

4. Ammonium Carbonate Test. 

Take the portions of the three solutions (barium chloride, 
magnesium sulphate, and ammonium chloride) to which am- 
monium sulphide was added in the last experiment without pro- 
ducing a precipitate, and test each with solution of ammonium 
carbonate. A precipitate will be produced in the solution of 
barium chloride, but not in either of the others. 

We constitute, therefore, another group of those metals, such 
as barium, which are not precipitated from their solutions by 
either hydrogen sulphide or ammonium sulphide, but which 
are precipitated by ammonium carbonate from solutions con- 
taining ammonium salts. * 

6. Sodinm Phosphate Test. 

Take the solutions of magrresiurn sulphate and ammonium 
chloride used in the previous experiments (and which there- 
fore contain ammonium sulphide and carbonate) and test each 
with solution of sodium-hydrogeh phosphate. A precipitate 
will be formed in the solution of magnesium sirlphate, but not in 
the solution of ammonium chloride. 
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^ t ^ . 

We place, then, in a group metals, of which magnesium is the 
only known example, which are not precipitated from solutions 
by hydrogen sulphide, ammonium sulphide, or ammonium 
oai’honata (if the solutions already contain^ammonium salts), 
but which are precipitated by sodium phosphate from solu- 
tions containing ammonium salts. 

The sixth and last group consists of those metallic radicles, 
such as ammonium, which are not .precipitated from solutions 
by any of the reagents above mentioned, and which remain 
as a residue, in the course of an analysis, when all the other 
substances have been removed from the solution under ex- 
amination. 

By lepeatmg the above experiments with each of the metallic 
radicles treated of in Bait I. Sect. Ill, we shouIcT be enabled to 
place it in some one of the above six groups, and we might 
construct a Table similai to that which is given on p. 480. 

Summary. 

The general course, then, to be pursued in a qualitative 
analysis of an unknown substance for one radicle, is — 

Firstly, to ascertain the group to which the radicle belongs. 

Secondly, to ascertain the .subdivision of the gioup to which 
it belongs. 

Third h', to ascertain which member of the subdivision is 
present. 

Lastly, to confiim the results, by applying tests which give 
characteristic reactions with the radicle, the presence of which 
has been indicated. 

In piactice it is found advisable to examine a substance first 
for the metallic radicle it contains, chiefly for the reason that 
there are more cases in which ignorance of the metal present 
would inteifere with the examination for the non-metallic radicle, 
than 7 j/rc versa. 
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table 

SHOWING THE DISTRIBUTION OF THE MORE IMPORTANT 
NON-METAULIC RADICLES INTO GROUPS FOR THE 
PURPOSES OF AhiiALYSIS. 


"rhese Radicles aie divided into 


I I 

I. Those which are separated from Those which are not separated fiom 
neutral solutions by neutral solutions by 

Barium Chloridet Barium Chloride. 


Carhonate 
Tartrate (partially) 
Oxalate 

Fluoride (partially) 
FLUOSILICA'IE 
Sulphite 
Sulphate 
Phosphate 
Borate (partially) 
Silicate 
Chromate h 


II. Those which are separated from 
neutral solutions by 
Silver Nitrate. 


Cyanide 

Chloride 

Bromide 

Iodide 

Sulphide 

Thiosulphate 

Hypophosphite 

Acetate (partial!)') - , 


III. Those which arc not separated 
from neutral solutions by 
Silver ETitrate. 


Nitrate 

Chlorat'e. 


This is described undei Chromium. 
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SHOWING YhE •DISTRIBUTION OF THE MOK>E IMPORTANT 
METALS INTO GROUPS FOR THE PURPOSES OF ANALYSIS. 


These Metals are divided into 


I. Metals which nr« separated from Metals which are not separated from 
solvitions by ' solutions by 

Hydrogen Chloride. Hydrogen Chloride. 

Silver ' 

Mercury (monovalent) 

Lead (partially). *1 


n. Metals which are separated from Metals which are not separated from 
solutions containing hydrogen solutions containing hydrogen 

chloride by chloride by 

Hydrogen Sulphide. Hydrogen Sulphide. 

Lead 

Mercury (divalent) 

Coi’PER 

Cadmium 

Bismuth 


Arsenic 

Antimony 

Tin 

Gold 

Platinum 


III. Metals which arc separated from Metals which are not separated from 
solutions by solutions by 

Ammonium Sulphide. Ammonium Sulphide. 

Zinc 

Manganese 

COIIALT 

Nickel 

Iron 

Chromium 

Aluminium. 


IV, Metals which are separated from Metals -which aie not separated from 
sohitioiis by ^ solutions by 

Ammonium Carbonate. Ammonium Carbonate. 

Barium 

Strontium * 

Calcium. 


I form sulphides which 
are soluble in am- 
monium sulphide. 


V. Metal which is separated from 
solutions by 

Sodium Phosphate. ^ 
MagNE,5IUM. 


VI. Me[.als which aie not separated 
from solutions by 
Sodium Phosphate, 

r 

Potassium 

Sodium 

Ammonium 

Hydrogen. 
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GENERAL RULES TO BE OBSERVED IN MAKING 

AN ANALYSIS OF AN UNKNOWN SUBSTANCE. 

-j 

, * 

1. Write out a full account of all that is done ; the 

conditions of each experiment, the results obtained, the 

inferences drawil from these results. 

This should be donf„ not more for the sake of the teacher or 
e.^aminer than for the advantage of the student himself. The 
former has, in general, no way of ascertaining what has beeir 
done except from the contents of the note-book ; the latter 
wiU find no means of gaining accuracy of thought, clearness 
of expression, and insight into analytical methods, more 
effectual than Cnnstant practice in writing out accounts of work 
done. 

Excellent models for such descriptions may be found in the 
original papers on substances either newly discoveied 01 ex- 
amined for the fiist time, contributed by our best chemists to 
scientific magazines. The object of every such paper is to make 
clear to others the views of the author on the nature of the sub- 
stance he has examined, and his reasons for adopting these 
views; to give the experiments which have been tried, and the 
inferences draiwi from them. This is no less the object of the 
student commencing analysis. Every substance presents to him 
an original problem, which should be approached in the same 
spirit, and worked out with the same caie as the most elaborate 
research of a chemist like Faraday or Dumas. 

A meagre, tabular view of work done, full of chemical 
symbols introduced without reference to their quantitative 
chemical meaning, but solely in order to save a few seconds of 
time and a few millimet.es of space, is not sufficient. The 
essential points in each experiment, and the inferences deducible 
from it, should be put down in plain logical English as soon as 
possible after the experiment has been made. Many moments 
of spare time, while a ,precipita?e is being washed or an 
evaporation is going on, will be found available for writing ; 
while, if all description is deferred until the analysis is com- 
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pleted, there is great danger that some steps will escape the 
memory h* 

2. Do not jump to conolusions too quiokly, or desert the 
regular course of testing, unless some absolutely charac- 
teristic reaction (such as the fermation of liquid globules 
of meroiu’y, or of violet vapours of iodine) is obtained. 

'I'he shoiiest way very often proves the longest, and vice versE, 
in analytical work. ^ 

3. Learn to distinguish between slight precipitates, 
changes of colour, &o., due to impurities in the salt, and 
reactions which indicate the nature of the salt itself. 

Comparatively few .single substances are met with in a state 
of absolute chemical purity, and reactions which are due to 
admixtuie of tiaces of other substances must b6 carefully dis- 
tinguished from those which are due to the principal substanie. 
In cases where the subject of examination is a solid, it will 
be easy to infer roughly what amount of a precipitate should be 
obtained fiom the known quantity of it which has been taken to 
form the solution ; and when a liquid is being examined, the 
amount of residue obtained by evaporating a known volume of 
it, or the bulk of any precipitate previously obtained, will be an 
indication of its strength. If, then, the addition of a reagent 
merely causes a turbidity in a solution which known to be 
strong, it would be inexcusable thoughtlessness to take such 
a result as indicating the general constitution of the substance. 

For instance, ordinary sodium carbonate invariably contains 
a little sulphate, and will, therefore, when tested with barium 
chloride, give a white precipitate which is not wholly soluble in 
hydrogen nitrate. But the amount of the insoluble residue 
will be obviously disproportionate to the amount of the salt 
known to be present in the solution, find hence, while the fact is 
observed and recorded, the examination for another radicle is to 
be proceeded with. 


‘ An attempt Is made at the Cnd of this.Part^Sect. VI) to give an ex- 
ample of thewaym which an account of the analysis of a single salt should 
aLlytiraUvork should refer before he begins hi.s 
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. * * ’ 

Again, ordinary zinc generally contains a little lead and iron ; 

and hence in applying the hydrogen sulphide test the solution 
may become moie or less daik; also in applying the ammonium 
sulphide test, the jirecipitate may not be quite white, owing to 
tlie admixture of a tiace of iron sulphide. 

Such substances are always most safely analysed by the 
methods given fo? mixtures ; but careful observation of the 
character and quanti^ of the precipitate ought generally to 
prevent the student from going astray. 

4. Do not apply teats recklessly. Before adding a re- 
agent, consider what substances are already known to be 
present in that which is being examined, and in what 
way the use of too much or too little of the reagent may 
affect the result. 

If, for instance, hydrogen chloride has been used to dissolve 
the substance, it would be an absuid eiior to lest for a chloride 
in that solution. 

Similaily, when in the course of analysis ammonium salts have 
been added to the solution, it is easy, but not worth the trouble, 
to detect subsequently the presence of ammonium in the hquid. 

Some indication is usually given of the amount of the 
reagent which should be used. It is, in general, easier to rectify 
the mistake of*adding too little than that of adding too much. 

An excellent way of making sure that a test has been applied 
right!}', is the following ; — If no positive result has been obtained 
by it, add a drop of a solution of the substance which is being 
tested for. If the proper reaction is now obtained, the test must 
have been correctly applied for the detection of the substance ; 
and the latter could not have .been present in the original 
solution. 

[No analytical Tables (with the exception of those which show 
the distribution of the radicles into groups) are included in this 
volume ; not because such tables are considered of no value, but 
from a conviction that they will be best made by the student him- 
self, in the same wa^ as a summary of the contents of a book, or 
a pricis of a document, rather as a result of intelligent work thr 
as an introduction to it.] ' 
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SECTION II. 

PRELIMINARY EXAMINATION OF THE SUBSTANCE. 
[If it is a liquid pass on to p. St>o.] 

A. The Substance for Exammation is a Solid, 


General charaoters of the Substance. 

1 Examine and note down the physical chaiacteristics of the 
substance ; its colour, shape, crystalline form (if any), hardness, 
metallic or non-metallic appearance, &c. If it is brittle and in, 
a single lump, break some of it into small fragments in a 
mortar, or by wrapping it in a fold of clean paper and striking 
it with a hammer on an anvil. Reduce these fragments to 
a very fine powder in the mortar, which should not be of glass 
unless the substance is a fiiable salt L The powdered substance 
may be conveniently kept in a small dry test-tube, fitted with 
a cork. 


Effect of solvents upon the Substance. 

[The following points should be borne in mind : — 

1. In treating a single substance with a solvent, one of three 
things may happen. — (a) It may dissolve entirely. ( 5 ) It may not 
dissolve or be altered at all. fr) It may be decomposed, yielding 
new compounds, one or more of which may dissolve. 

2. Reseive about one-fourth of the substance, in case of 
accidents. 

3. Before the main portion is dealt with, it is advantageous to 
tiy the effect of solvents on a -very small lyjantity. 

4. Instead of using a larg^ quantity of the solvent at once, it 
is best to take successive small portions, pburing off the solution 


’ For pulverising minerals, an agate mortar should, if possible, be used. 
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when the action becomes slow, then adding a little more of the 
solvent, heating, again pouring off, and so on. 

5. If the substance enters readily into solution, it will be, on 
the whole, best to,f)ass on at once to Sect. III. (p. 505), and to 
rSturn to this Section, par. 8 &c., for confirmatory testing. 

6. If the substance dissolves slowly, while the action is pro- 
ceeding you may p^ss on to 8 (p. 489) and try the experiments 
mentioned in that and the following paragraphs.] 

A. The substance has not a metallio appearance, 

[If it has a bright metallic lustre, pass on to 7 (p. 4S8).] 

1 Solution in Place about o-fi grm. of the powdered sub- 
water. stance (as much as will lie on the broad end of 
a spatula) in a test-tube, pour on it about 20 c.c. of water, 
and heat the liquid to boiling, shaking it occasionally'. The 
tube may be supported 011 the sand-bath resting in a ring of 
the retort-stand, and while it is being gradually heated, you 
may pioceed to heat some of the substance in an ignition tube, 
p. 489. If, by the time you have done this, the substance has 
dissolved, proceed to examine the solution at once ; blowpipe 
experiments, &c., may be made afterwards as confirmatory tests. 

1 The substance is entirely dissolved. 

Filter the solution, if necessary, from any suspended particles 
of diit, and examine it as directed in 14 (p. 501). 

B T he substance is nol dissolved, or at least fiot wholly (see 
notes ‘ and "). 

Allow the particles to subside, decant the liquid carefully, 
and boil the residue with a fiesh quantity of water. If it 


^ Some acetates, tartrates, Sec,, are decomposed when boiled with water, 
a basic salt being formed : byt this will dissolve in an acid. If, however, 
on boiling the substance alters in appearance, leaving a flocculent residue, 
it will be well to see wliethei it will not dissolve better in cold water. 

2 The best way of ascertaining whether any of the substance has been 
dissolved is to filter off a, few drops of the liquid and evaporate it to 
dryness in a watch-glass. If a residue is left, something must have been 
dissolved by the water. But since tienjly all carbonates are insoluble, it 
will generally be sufficSml ta add to the clear liquid, filtered or decanted, 
a few drops of solution of sodium carbonate. If no precipitate occuis, the 
substance is almost certainly insoluble, unless it is a*salt of arsenic or of 
a metal belonging to Group VI. * 
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dissolves, add this solution to the first portion, and proceed to 14. 
If it does noi dissolve, pass on to tlie next paragiaph. 

Solution in I’out off the greater pait ^of the liquid and 
dilute hydro- add to the residue (or to a fresh portion of thfe 
gen chloride, ofjgjjjal substance moistened with a little water) 
about eight or ten drops of concentiated hytirogen chloride, 
and if it does not dissolve, heat the mixture to boiling. If 
any gas having very decided characters, such as smell or 
colour, is evolved, lefer to par. 12 (p. 497), and ascertain the 
nature of the evolved gas at once, by means of the tests there 


A 2'he subs/ance is dissolved hy the hydrogen chloride. Dilute 
with about 20 c.c. of water (if any precipitate occurs, refer to 
4 A, below) and examine the solution as directed in 18. 

B The suhstance is not dissolved hy Ihe hydrogen chloride. Pass 


on to the next paiagraph. 

4 Solution in Take a fresh portion of the substance, add 
oouoentrated , c , , . , , - . , 

hydrogen 5 “ C.C. of concentrated hydrogen chloride, 

ohloride. and heat it to boiling, noting the character of 

any gas which may be evolved ' (other than vapours of hydrogen 

chloiide) and testing it as directed in pai. 12. 

A The snbstance is dissolved . ' 

Dilute the solution with about 20 c.c. of water, and examine 
it as directed in 18. [If any precipitate is produced on dilution, 
add strong hydrogen chloride, drop by drop, and waiin the 
liquiq until it disappears (see note “).] 

j 

Concentrated hydrogen cliloridC will often, in the case of snlphides, 
chromates, and cyanides, produce an evolution of gas, where the dilute acid 
has failed to do so. 

presence of bismuth or antimony, since their 
chlorides are decomposed by water ; but the precipitate will pretty readily 
dissolve when strong acid is added. 

y It perhaps, be due to lead ; since lead cjiloride is mtich less soluble 
in cold water than in hot, and the addition of water will have cooled the 
solution. In this case the precij^'tate will redissolve when the liquid is 
Harmed, and will be leprccipitated in nedilledilce crystals as it auain 
becomes cool \ a reaction very characteristic of lead. 

^Silver chloride, it -may be noted, is slightly sohible in strong hydrogen 
chloride, but is thrown down on dilution. ® 
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B The substance appears to be acted upon, but there is a residue 

^ ,, 

left, different in appearance to the original salt. 

Allow the residue to subside, pour off the solution and 
e,xamine it, after '’dilution with about 20 04:. of water, as 
directed in 18. If the residue does not subside quickly, add 
to the solution a\jout twice its volume of water (that it may 
not act on the fitter), filter it, and proceed to 18, 

The residue may consist of — 

(11) Sulphur. If so, it will be yellowish white, and remain long 
in suspension, being more easily filtered off after long boiling. 
It indicates the presence of a PERSULPHIDE, in which case 
hydrogen sulphide will have been evolved (see 12 Fj : or of 
a THIOSULPHATE, m which case sulphur dioxide will have 
been evolvlid (12 D). 

( 0 ) Hydrogen silicate, which is a white gelatmous sub- 
stance, and will have been fonned from the decomposition of 
a SILICATE. Wash the residue on a filter, dry it at a gentle 
heat, and heat some of it m a bead of microcosmic salt, as 
directed, p. 31 1, If it is silica it will float undissolved in the 
bead, and the original substance may be inferred with certainty 
to be a silicate. 

(y) The residue may also be a chloride of one of the metals in 
Group I. If so, it will be a dense white substance, and will 
turn blacknvlien a drop of ammonium sulphide is added. The 
original substance should be dissolved 111 hydrogen nitrate, as 
directed below (0J. 


Solution in 
aqua regia. 


C The s ubstance is unacted upon by concentrated hydrogen chloride. 
Pass on to the next paragraph. 

Add three or four diops of strong hydrogen 
nitrate to the Solution containing hydrogen 
chloiide, and boil the liquid *. 

The substance is dissolved. 

Boil the liquid until no more chlorine is evolved, dilute with 
20 c.c. of water, and examine the solution as diiecLed in 18. 

The substance is not dissolved. Pass on to the next paragrap' 


' This should be done in a draught-cupboard, if possible, since chlori 
is evolved. • 
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I 

® Solution in ^ portion of the substance with 

hydrogen dilute hydrogen nitrate, and, if it does not' 
nitrate. dissolve, with strong hydrogen nitrate. 

If a clear soluliOH is oblatncd, evaporate it down until all 
excess of acid is lemovecl, dilute' it with water, and test it as 
diiected in 17. , 

If the substance remahts undissoh'ed, even after the addition of 
three or four times its volume ofwater'^, it'musL be examined as 
directed in Sect. Y. 


B. The substance has a metallic appearance. 

[If, besides having a bright lustre, it is malleable, it is certainly 
a metal. 

If it is brittle, it may be one of such minerals as galena, anti- 
monite, lion pyrites, gr.aphite, &c.] 


Solution of a (powdeied, if possible) in a 

metal in hy- test-tube, add a few diops of water and then about 
drogeu nitrate. ,• ^ ,,, ... 

S c.c. of concentrated hydrogen nitrate, and (if 

no action begins) heat it to boiling. 

A The substance dissolves. 


Drive oft any excess of acid by evapoiation, dilute the solu- 
tion with about 20 c.c. of water (stopping if any precipitate is 
produced, which would be the case if bismuth is present), and 
examine it as directed in 17. 

B 7’he substance does not dissolve, but it is converted inin a whiie 
pmuder . 

Add about 20 c.c. of water, and boil again. 

If it dissolves, examine the solution as directed in 17. 

If it does not dissolve, the original substance is probably tin, 
ANTIMONY, or a native sulphide, such as galena, antimonite, 
or pyiites. If of the latter class, the original substance will, 
when boiled with a little strong hydrogen chloiide, give off 
hydrogen sulphide (tested for by lead acetate paper, par. 12 P). 

Boil some of the original rsubstanc^ with, aqua regia (using 


' -Some nitrates, e,g. bailum nitrate, are Insoluble in strong liydro<jen 
nitrate, but readily dissolve ,avhen water is added. 
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very little hydrogen nitrate); dilute the solution with about 
three times its volume of water (not more, or antimony oxy- 
chloride may be precipitated) ; filter from any deposit of 
splphur ; and te'lt the solution for metal^, beginning at 
paragraph 18 . ’ 

C Th e substance f r unacted upon . It is probably either gold 
or platinum; gbld if it is yellow, platinum if it is white. It 
will dissolve in aqua rOgia, and the -solution should be examined 
as directed on p. 508. 

[Graphite has a metallic appearance, and would be insoluble, even 
in aqua regia. See Sect. V, for the method of treating it.] 


Edbct of heat upon the substance. 

[The following experiments should be begun while the solution 
of the substance is being made, in order to economise time. If 
no characteristic results are obtained at once, and if the substance 
has entered readily into solution, the blowpipe examination may 
be continued at intervals during the testing of the solution, e.g. 
while a filtration is going on, or a precipitate is subsiding, and the 
results will be applicable as confirmatory evidence.] 

8 Substance ’ a small quantity of the substance in an 

heated in igni- ignition tube, and heat it over the Bunsen’s 

tiou tube. burner, at first very gently, then to redness, 
and afterwards before the blowpipe to a temperature as high 
as the tube will bear. 

A The mhslance has a vuialHr lustre and readily fuses. 

It must be lead, cadmium, bismuth, antrmony, tin, or zinc. Pass 
on to 10. 

B ’ The substance does not' fuse, even when heated to redness, and 
gives off no gas, vapour, or sublimate, but changes colour. 

(a) From ivlnte to ycHow, becoj/img •white on cooling. It is zinc 
OXIDE, TIN DIOXIDE, or BISHUTH TRIOXIDE (probably the 
last, if it fuses at a strong red heat). Pass on to 10 . 

0 ) From red to black, turiiing red again on cfloling. It is prob- 
ably IRON PEROXIDE. Pass on to 9 JB. 
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C 7’A’ subsiivicc fuses a! a very modern/e heal, and possibly ff/vcs 
off water tnf cryslaUkation) 

Wipe the inside of the tube perfectly diy with twisted slips of 
blotting-paper, jnd when no fuither moisture is condensed, 
raise tiie teinpeiatuie, and obstive which of the following 
results takes place. ^ 

D 77/e suhstance volatilises entirely, or, at any late yields a dis- 
imrt suhhmaie . It is a salt of ammon/L'm, arsenic, or mer- 
cury ; or possibly hydrogen oxalate, or sulphur. Obseive 
tire character of the sublimate in the tube. 

(a) It is white and amorjihous. The substance is an AMMONIUM 
salt, or a MERCURY salt fiiot, however, nierciuy iodide or 
sulphide, since these are coloured). Pass on tg 9 A. 

O) It is white and crystaltine. The substance is probably 
ARSENIC TRio.xiUE, see fig. 93, p. 366 (or if the crystals are 
slender prisms, hydrogen oxalate). Pass on to 9 A. 

(y) It ts yellow, the original substance being red, and fusing to 
a nearly black liquid before volatilising. The sublimate be- 
comes red 7vhcn touched with a wire or glass rod. The substance 
is MERCURY IODIDE, see note'). 

(5) It is yellow and amorphous, the original substance being also 
yellow. It is ARSENIC SULPHIDE. Pass on to 9 A. 

(<) It forms hqtdd drofs with metallic lustre. ^ It is mercury, 
and the substance is a mercury salt. Examine for the non- 
metallic radicle as directed in 12, and Sect. IV (26). 

(f) 7t forms brownish yellow, transparent drops, which do not 
solidify for some lime. It is SULPHUR (but see note) 

To make sure that the sublimate consists of sulphur, cut off 
the closed end of the tube, and heat the sublimate gently, 
holding the tube in a slanting position. If it is sulphur, it 
will be oxidised in the current of air, and sulphur dioxide 
will be formed, which may be recognised by its smell and 
by its acid reaction on litmus-paper held at the upper end 
of tire tube. 


’ This reaction is so characteristic of merenry iorlicle that the substance 
may be at once examined for mercyry and iodine. For this purpose, a little 
ol the substance should be decomposed by bsilingTt with some solution of 
potassium hydrate, as directed in Sect. V. par 36. 

, pfiosphoras- gives a sublimate of ordinary phosphorus, identified 

by its inflammability. p 
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The original substance is either SULPHUR itself (easily recog- 
nised by Its physical properties, see p. 267), a PERSULPHIDE 
{e.g. Pyrites) or a THIOSULPHATE. These latter will be 
examined for iij the ordinary course. Pass on to 9 B. 

E The siihslance becomes charl-ed, i. e. iums black, and leaves a 


carbonaceous residing while vapours are evolved which have a strong 

■ 9 

smell like burnt paper. It is an acetate, tartraie, oxalate, 
or othei organic salt (see, however, note below ’). These will 
be examined for in the ordinary course. Pass on to 9 B. 


p The substance does not become charred, but evolves a gas, with or 
luithout previous fusion. Examine the character of the gas as 
directed below, and then pass on to 9 B. 

The gas evolved is, — 


(a) Colourless, and has the peculiar suffocating smell of sulphur 
dioxide, and reddens a piece of blue litmus-paper held in the 
mouth of the tube. This indicates the presence of a THIOSUL- 
PHATE or a SULPHATE decomposable by heat. 


(/ 3 ) Colourless, and has the peculiar smell of cyanogen, resembling 
essence of almonds. 

Hold a lighted match to the mouth of the tube. If the gas 
burns with a pink flame, a cyanide or ferrocyanide is 
present. ’ 


(y) Colourless and odourless. 

Place a single drop of lime-water on a watch-glass, and hold 
it close to the mouth of the tube (which should be as far as 
possible from the lamp-flame). If the drop becomes turbid, 
the gas is carbon dioxide, and proceeds fiom the decom- 
position of a CARBONATE or ap oxalate. 

If carbon dioxide is not detected, drop a small splinter of 
charcoal flora the charred end of a match into the tube, add 
a little more of the substance, and again heat the bulb. If the 


^ Some other substances, c.g copper carbonate, copper nitraie, 
MANGANESE CARBONAiE, tum black *when heated, but do not evolve 
organic vapours. To fuither proof that the subbtauce is oiganic, 

the black residue may he heated again tvilh addition of a small c^uantuy of 
potassium nitrate, when, if it is organic, the blackness will disappear, with 
slight deflagration. • 



492 PRELIMINARY EXAMINATION 

charcoal bums vividly, the gas is oxygen and the substance 
is a CHLORATE, NITRATE, NITRITE, CHROMATE, Or PEROXIDE^ 
(6) Orange-Lolotm'd, and reddens Himus-^aper. The substance 
is piobably a NITRATE or nitrite ; if so, a- splinter of charcoal 
dropped into'the tube will deflagrate as in the case of chlorateS'. 
Some few bromides and iodides are decomposed by heat alone, 
and give off orange vapours of bromine, wj.iich condense to an 
orange liquid, or violet vapours of iodine, which condense in 
the form of steel-gray flakes. * 

[Hypophosphites, when heated, give off hydrogen phosphide, 
which inflames spontaneously at the mouth of the tube,] 

Cx The snhsiancR rcniains nnalkred, or simply fuses, when heate d 
In redness. It is probably a salt of an alkali metal, or barium-, 


STRONTIUM-, or CALCIUM-CHLORIDE. 
Pass on to 9 B. 


9 The couise next to be followed will depend upon the 
appearance of the substance and the results obtained by 
heating it in a tube. 

A aT/zr substance yielded a suhlimaie in the tube. 


Beduotion iu M'x a small quantity of the original substance 
tuba. intimately with twice as much anhydrous sodium 
carbonate, introduce into an ignition tube enough of the 
mi.Nlure to half fill the bulb, put over it a layer of sodium 
cai bonate and heat it slowly over the lamp. If any moisture 
condenses, wipe the tube diy and clean with slips of blotting- 
paper. 


(n) A bright metallic sublimate is formed, which may be seen 
with a magnifier to consist of liquid metallic globules. The 
substance is a mercury salt. 

To make quite suie of the character of the sublimate, pass 
down into the tube a thm slip of wood, such as a match, and 
scrape together the sublimed metal.' If it is mercury, the par- 
, tides will run together into one large globule, which may be 
allowed to drop into a watch-glass. ^Proceed to examine for 
the non-metaihe radicle as directed in'^12, and Sect. IV. (26). 


nitrogen, and a light, bulky, olive-green residue of chromium oxide is left 
f sUghrcxplosion’!'''^'^' mtrogeii monoxide, often witli 
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(/3) The subliinate is a nearly black, but lust}ous mirror. The 
substance is an arsenic salt. ’ 

Break off the tube close to the bulb, hold it horizontally, and 
slowly heat the part containing the sublimate over a lamp with 
-i a very small flame. If the deposit is arsenic, it will readily 
volatilise and become oxidised, condensing in the cool parts 
of the tube in s^arlding transparent crystals of arsenic dioxide 
(for the fomnof these refer to p. 366). 

If such a cliaracte^jstic result is obtained, you may proceed at 
once to examine for the non-metallic radicle as directed in 
12 and Sect. IV. (26). 

If neither mercuiy nor aisenic is found, and if the sublimate 
is white and amorphous, the substance may be examined at 
once for ammonium, as directed in 24, and then for the non- 
metallic radicle (12 and ^5). 

B The substance did not volatilise, and is coloured . If so, it 
is very probable that it tvill impart colour to a borax bead. 
Bxamination Fuse some borax in a loop of platinum wire, 
in borax bead, directed on p. 100, and when a clear trans- 
parent bead has been obtained, bring into it a minute portion 
of the powdered substance and heat it fiist at the tip of the 
blowpipe flame, then in the oxidising flame, and lastly in the 
reducing flamq, If no colour is imparted to the bead, pass on 
to the next paragraph. If the bead becomes coloured, observe 
its character, and then pass on to 12. 

(a) It is blue, in both oxidising a?id reducing flames. The sub- 
stance is a COBALT salt. 

0) It is greenish blue in the oxidising flame, and becomes 
almost colourless hi the reducing flame. If much of the sub- 
stance has been added, the bead becomes red and opaque in the 
reducing flame. Thw substance is a copper salt. ' 

(y) It is green, both in the oxidising and reducing flame. The 

substance is a CHROMIUM salt, or a chromate. 

• 

(S) It is orange-red in the oxidising jlame, becoming light 
yellow as it coeds, in the re'kucing flame it is orange while 
hot, and dull bottle-green when cold. The substance is..-an 
IRON salt. 
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try its malleability, as directed on p. 103, nailing also if any 
incrustation has foimed on the charcoal in or around the 
cavity^ ; then pass on to 12. 

(a) The metaJlk Tglobide is malleable, with brilliant lustre, and 
' there is no incrustation the charcoal. The substance is 
a SILVER salt. 

(0) The globule zj malleable, and a slight white incrustation is 
formed on the sides of the cavity. The substance is a tin 
salt. ' 

(■y) The globule is malleable and soft, and a yellow incnistation 
is formed on the charcoal. The substance is a LEAD salt. 
if) The globule is brittle, a?id -white fumes ascend from it while 
hotj a white incrustation is formed on the charcoal. The 
substance is an antimony salt. 

(f) The globule is brittle, and a yellow incrustation is formed. 
The substance is a BISMUTH salt-. 

C No globule is obtained, but a reddish hraivn incrustation is 
formed on the charcoal. The substance is a cadmium salt. 
Pass on to 12 . 

[Jf no characteristic result has been obtained it may be worth 
while to examine the substance in a borax bead, as directed 
in 9 B.] 

11 Ooloivr im- Moisten the end of a perfectly clean platinum 
parted to flame.* strong hydrogen chloride’, dip the 

W'iie into the powdered substance, and hold it at the edge of 
the flame of a Bunsen’s burner. Observe the colour, if any, 
imparted to the flame (see next page), and also see whether the 
colour is altered when a piece of lather deep blue glass is inter- 
posed between the eye and the flame. Then pass on to 12. 

^ __ 

^ Care must be taken not to mistake the white .ash, which charcoal 
always leares when burnt, for an incrustation of metallic oxide. The 
former is light, almost downy? in appearance ; the latter is more compact, 
and generally has a definite border. 

“ The globule of bismuth, although in reality brittle, docs not always 
crumble to pieces uiidei the pestle or hammer ; the particles may remain 
aggregated so as to appear'not unlike a flattened plate of malleable metal, 
hut the edges of ihe plate are always jpgged, as may be readily seen with 
a m.tgnifier, and a blow or two of the pestle is generally sufficient to break 
it into several pieces. 

’ This should always be done, since metal-chlovUies are more volatile 
than other salts. • 
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[It must ^be brf»-ne in mind that tiaces of sodium aie almost 
invariabl)» present in a substance, and that the intense yellow 
flame due to its presence will often mask other colouis. This 
difficulty is especially felt in the case of potassium salts ; the 
barium, strontiiiBi, and calcium salts are so^ much less volatile 
that they remain long after the trhces of sodium have volatilised. 
A transient yellow tinge will almost always be imparted to the flame 
when the salt is first introduced into it ; and v^hen this has passed 
away, the other characteristic colours shoul^i be looked for.] 

A It js yellow, nearly invisible through blue glass, sodium is, 
present. 

B It is crimson, unaltered through blue glass, strontium is 
present. 

C Jt is orange-red, greenish-gray through blue glass, calcium 
is present. 

D It is green, unaltered through blue glass, barium, copper, or 
a BORATE is piesent. 

E It is lavender, crimson through blue glass, potassium is 
present. 

F It is bluish-gray, unaltered through blue glass, lead, arsenic, 
or antimony niaj’ be present. 

It will be safest not to consider these results as absolutely 
decisive of the nature of the substance (since small traces of the 
above elements are sufficient to colour flame intensely), but to 
pass on to 12, and refer to the flame-colour only as a con- 
linnatory test. 


Action of strong hydfogen sulphate upon the 
substance. 

12 Put a little of the substance, just moistened with water, (or of 
the concentrated solution) into a test-tube, add cautiously i or 
2 c.c. of strong hydrogen sulphate, and warm it gently and 
gradually, if no action begins'' at once. ,, If po action occurs, pass 
on to 17. If any characteristic gas or vapour is given off, observe 
its properties. 
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A It IS colourless, has no disiinctive smell, and }s incomhustib le. 

It is carbon dioxide, and shows that the substance contains 

a CARBONATE 

To make sure t^at the gas is caibon dioxide, lower into the 
tube a pipette having a drop^of lime-water in it, and gently 
suck a little of the gas through it (p. 195). If the lime-water 
becomes cloudy, the’ gas is certainly caibon dioxide. Pass on 
to 17. , 

B It h colourless, inodorous, and burns with a blue flame. 

It is caibon monoxide, and points to the presence of an 
OXALATE or FERROCYANIDE. These will be detected in following 
the usual couise. Pass on to 17. 

O It has a fai nt siveeiish smell like essence of almonds. 

It is hydrogen cyanide, and indicates a cyanide, or other 
cyanogen compound. 

To make sui’e that the gas is hydrogen cyanide, put a few 
drops of solution of potassium hydrate into a small porcelain 
dish, soak in it part of a folded strip of blotting-paper, place 
the moistened paper in the test-tube and leave it there for 
a minute, warming the mixture at the bottom of the tube to 
obtain more gas. Any hydiogen cyanide present will be 
absorbed by tjje potash. 

Replace the slip of blotting-paper in the dish, add a or 3 c.c. 
of water and stir it in order to extract any potassium cyanide 
formed. Then pour the solution into a test-tube and (i) add 
z or 3 drops of solution of iron protosulphate, shake up, and 
warm the mixture; then (2) add excess of dilute hydrogen 
chloride. If the acidified liquid turns greetiish blue or gives a 
blue precipitate, the evolved gas was certainly hydiogen cyanide. 

If the presence of hydrogen cyanide is thus proved, it will be 
advisable to decompose the substance and obtain the metal as 
a nitrate before proceeding to examine for it. If this has not 
already been done in ihe process of dissolving the substance. 


I It should be noted that many substances, e g. potassium hydrate, 
potassium silicate, manganese dioxide, and various mjnerals, are liable to 
contain a carbonate as an impurity (see Rule 3,*p. 482). 

K k 
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boil about a gramme of the substance (or 20 c.c. of the solu- 
tion) witl/ excess of strong hydrogen nitrate in a dish until all 
hydrogen cyanide is expelled, dilute with 20 c.c. of water, and 
proceed to 17 . r 

D It has a sharp, pmeiratin" S 7 ne^, like that of burning sulphur . 
It is piobably sulphur dioxide, and indicates a sulphite or 
THIOSULPHATE (see, however, note ^). » 

To make sure that it is sulphur dioxide, put two or three 
drops of solution of potaasium ohromate into a watch-glass, 
add a drop of strong hydrogen ohloride, dip a bit of white 
blotting-paper into the solution, and lay it upon the mouth of 
the test-tube. If the red solution turns gree 7 i in a minute or so 
(see p. 422), the gas is certainly sulphur dioxide. 

If it is so, the presence of one of the above-mentioned 
radicles may be confirmed at once as follows. 

Add to a little of the original solution of the substance a few 
drops of dilute hydrogen nitrate. If this produces a milky 
precipitate in the coutse of a minute or so, a thiosulphate is 
piesent. If not, a sulphite is present. 

In either case, add a little of the liquid to some bine starch 
iodide (made as directed in expt. 3 5 , p. 283*). If the colour 
disappears, the presence of a sulphite or thiosulphate is con- 
firmed. ' 

If either is found, it will be advisable to separate it, and 
obtain the metal as a chloride, before proceeding to detect it by 
the usual course. To do this, add 2 or 3 c.c. of strong hydrogen 
chloride to about a gramme of the substance (or 20 c.c. of the 
original solution) and evapoiate to dryness in a dish; tvarm 
the residue with about 20 c.c.r.of water, filter, if necessary, from 
sulphur, and test the filtrate (which contains the metal as 
chloride) by the usual couise, beginning at 18 . 


^ If the gas is only given off at a high temperatnre, and especially if the 
substance turns black, the evolution of snljShur dioxide is due to the 
decomposition of the hydrogen stilphate itself by some reducing agent, e.g. 

R tirtr^ts, f f. 


Instead of this, solution of potassium permanganate may be used, if at 
hand, bulphites and thiosulphates quickly and wholly destroy the intense 
purple colour of this solution (see p. 418). 
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B It has a pungent., acid smell., and reddens blue lit 7 nus, but does 

— — , 

not give the reaction of sulphur dioxide (see last paragraph). 

It is hydrogen chloiide, acetate (if it smells like vinegar), or 
fluoride (if any coA’Osion of the glass if percept4ble). 

If the glass is decidedly ac’ted on, and if a moistened glass 
rod held in the tube becomes coated with a white crust of 
silica (p. 313), a» fluoride may be at once tested for as directed 
in 33 , p. 523. 1 

The other radicles will be detected in following the ordinary 
course. Pass on to 17 . 

B It has an offensive smell, like rotten eggs, and hlacltens a puce 
of blotting-paper moistened with lead acetate and laid on the mouth 
of the tube. 

It is hydrogen sulphide, and indicates the presence of a 

SULPHIDE. 

It will be advisable to obtain the metal as a chloride before 
proceeding to examine for it in the usual course. Unless this 
has been already done in the process of dissolving the sub- 
stance (3 and 4 , p. 486), add 2 or 3 c.c. of strong hydrogen 
chloride to about a gramme of the substance (or 20 c.c. of the 
original solution) ; boil in a dish until all hydrogen sulphide is 
expelled ; filter from deposited sulphur (rf any) and examine the 
filtrate, which contains the metal as chloride, as directed in 18 . 

G It is greenish, has the smell of chlorine, or chlorine tetr oxide, 
and bleach es welled litmus-paper held in the tube . 

The substance is a hypochlorite 01 chlorate (the latter if 
the characteristic sweetish smell of chlorine tetroxide is ob- 
served, and the liquid turns orange). 

[If the gas is the result of the action of hydrogen chloride (par. 
8) and not hydrogen sulphate, the evolution of chlorine points to 
the presence of ah oxidising substance, such as a NITRATE, nitrite, 
CHROMATE, Or PEROXIDE. The three former will be detected in 
the usual course; if the substance is a PEROXIDE it will give off 

oxygen when heated in an ignition-grbe (8 B y).\ 

• • 

To see if a hypochlorite is present, add to a little of the 
original solution of the substance enough potassium hydrate 

K k 2 



500 PRELIMINARY EXAMINATION 

* / . 

to render it alkaline, then a few diops of solution of lead 

acetate, and boil the mixture. If the white precipitate of lead 
hydiale /unis hramn, a hypochloiite lis piesent. The indigo 
sulphate test (p. ^163) may be also tried. f ^ 

If it i.s not 'found, a chlorata" should be examined for as 
directed in 28, p. 521, Then pass on to 17. 

H li is and retJJens blue litmus. ^ ’■ 

It IS nitrogen: teti oxide, and indicates a- nitrite. 

To confirm this, test a little of the > original solution of the 
substance ivith iron protoaulphate. If a black liquid is ob- 
tained, turning yellow with effervescence when boiled (p. 169), 
a nitrite is ccitainly present. Pass on to 17. 

[Nitrates aie liable to yield some nitrogen tetroxide when heated 
with stiong hydrogen sulphate; they will be examined for in the 
ordinary com so. But if the gas was given off readily and without 
application of heat, the substance is certainly a nitrite.] 

I It I S mi, ami bkiulies wel/ed blue litmus. 

It is bromine, and indicates a bromide. This will be ex- 
amined for in the ordinary course. Pass on to 17. 

K It i s vio/et, dfid solidifies in hhek crystals. 

It IS iodine, and indicates an iodide. This will be examined 
for in the ordinary couise. ,Pass on to 17. 

B. The Siibstance for Exammation is a Liquid. 

[Reserve about one-fourth, in case of accidents.] 

13 Observe and note down the colour and smell (if any’) of the 
liquid. 

Place about 2 or 3 c.c. of the liquid in a watch-glass and set 
it on the sand-bath to evaporate to dryness, while other ex- 
pel iments ivith the solution are proce^ided with. 

The residue, if any, should be examined by heating in an 
ignition-tube and befoie the blowpipe according to the directions 
already given (par. 8), and if the nature of the liquid has been 

^ — - 

‘ A cyanide, for instance, may often be detected 'by the smell of hydrogen 
c}’aiiide which it give.s off; some sniphides by the smell of hydrogen sul- 
phide; hydrogen a«etate by the smell of vinegar; free ammonia by its 
characteiibtie smell. r. 
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discovered before the residue is obtauied, fhe results of the 
blov^pipe examination will ser've as confirmatory evidence. 

If the liquid volatiliies without leaving airy residue, and if the 
jrresence of a hydJogen salt is found (16 B), pass on to Sect. IV, 
p. 517, since no metal (othernlhan hydrogen) is present. 

14 IJip a perfectly clean platinum wire into the 

parted°to fl^e solution, and hold it at' the border of the flame 
of a Buhsen’s burner. If any characteristic colour 
is imparted to the flame, refer to 11 (p. 495). Then return to 15. 

16 Take out a drop on a glass rod and place 

Reaction on ■. • -rr 

litmus-paper. ^ P‘«ce of blue litmus-paper. If no 

effect is produced, place another drop upon a 

piece of reddened litmus-paper. 

A 'The Uqnul is neutral, or nearly so., to test-paper. 

Examine a small poition of it with hydrogen sulphate as 
directed in 12 (p. 496). 

B The liquid reddens blue litmus-paper strongly. 

This may be due to the presence either of a hydrogen salt 
or of a double salt of hydrogen and a or lastly of 

certain metallic salts, e.g. copper or mercury salts, which, 
although containing no basic hydrogen, have an acid reaction. 

To distingiJish between these, place a little of the liquid in 
another test-tube, add a drop of solutron of sodium carbonate 
on the end of a glass rod, and stir the mixture. If no pre- 
cipitate is produced, 01 the precipitate ledissolves immediately, 
with effervescence, a hydrogen salt is present. If a permanent 
turbidity is produced, the acid reaction is due to the presence of 
a metallic salt, soluble in water. • Pass on to 17. 

C The liqu id lurns reddened litmus-paper strongly blue. 

This may be due to the presence of a borate, phosphate, 

NITRITE, silicate, HYDRATE, CARBONATE, SULPHIDE, Or CYANIDE. 

Examine a small portion of the solution wuh hydrogen sul- 
phate as diiected in 12, which will ensuie the detection of 

a C.ARBONATE, CYANIDE, SOLPHIDE, Or NITRITE, If pl'eSCnt. 

If a carbonate or nitiite is detected, pass on to 17. 

In all other cases proceed as directeciin the next paragraph. 
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Action of hy- l^our a little of the solution into a test-tube, 
alkaline*^ hydrogen nitrate, drop by 

solutions, drop, until the liquid is strongly acid ; then 
tvarm, but do not boil, the mixture. Observe whether any ga'S 
is evolved, oi piecipitale formed, 6r both. 

[If the original solution was yellow, and becomes red when the 
acid IS added, a chromate is present.] 

A No precifiitak or e vohiHon of gas occurs. 

The substance is probably a borate, phosphate, oi hydrate ; 
possibly a silicate. 

Add a little of the original alkaline solution to some solution 
of ammonium chloiide in a test-tube, and heat it. If a white 
gelatinous precipitate insoluble in hydrogen chlofide is formed, 
a silicate is present’, and about 20 c.c. of the original solution 
•should be evaporated with hydrogen chloride as diiected just 
below (B). 

If no precipitate is formed, pass on to 17. 

B No gas is evolved, other than mere acid vapours of hydro gen 
nitrate itself, hut a while gelatinous precipitate is formed, wh ich 
does not redissolve in e.vcess of a cid. 

The solution contains a silicate of an alkali-metal. 

Put about 20 c.c. of the original solution into a dish, add 
a slight excess of strong hydrogen chloride, and evaporate 
the whole to complete diyness, continuing the heat, with occa- 
sional stirring, until the residue loses all gelatinous appeaiance. 
Wann it with a little water, grinding the whole together with 
a pestle ; then filter. Test the solution for an alkali-metal as 
directed in 24. Wash the residue of silicon dioxide on the 
filtei, dry it, and fuse a little of it in a bead of mici'ocosmic 
salt (p. 311). If it floats undissolved 'in the bead it is silicon 
dio.xide, and the original substance is proved to be a silicate. 

C No gas is evolved, but a precipitate is fqgmed which redissolves 
in the excess of hydrogen niiralf. 


’ A solution of poteshim aUiminate would give a precipitate of aluminium 
iiydrate ; but this will reatlil '7 dissolve in. excess of hydrogen, nitrate* 
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The substance contains one of the metals ifJ'hich form soluble 
double oxides or hydrates with an alkali-metal ’ 

Pass on to 17, bearing in mind that an alkali-metal must be 
sought for, as weli as one of the others above mentioned, and 
therefore that the latter mus^ be separated by addition of the 
proper group-reagent in excess, and the filtrate examined for 
the alkali-metal.. ’’ 

D Hydrogen cyanide i\ evolved (as will have been detected and 
confirmed in the examination with hydrogen sulphate, par. 12), 
and, 

(a) No ^recij)itate is formed. 

The solution contains a CYANIDE of an alkali-metal. 

Boil about 10 c.c. of the original solution in a dish with excess 
of hydrogen chloride until all hydrogen cyanide is expelled, 
and test the solution for an alkali-metal, as directed in 24. 

{0} A frecifitate is Jormed. 

The solution contains a double CYANIDE of an alkali-metal with 
some other metal. 

Evaporate about 20 c.c. of the original solution to dryness, 
and boil the residue with 6 or 8 c.c. of strong hydrogen nitrate, 
which will decompose all the cyanides present. When all 
hydrogen cyanide has been expelled, dilute the solution with 
20 c.c. of water, and examine it in the usual way for the two 
metals, beginning at 17 ; remembering that, when one metal 
has been found, the group reagent must be added in excess to 
another portion of the solution, in order to separate it entirely. 
The liquid must then be filtered, and the filtrate tested for an 
alkali-metal, 24. 

E Hydrogen sulphide is evolved (as will have been detected in 
the examination with hydrogen sulphate, par. 12), and 
(n) No precipitate is formed. 

The solution contain| a SULPHIDE of one of the metals in 
Group IV, .V, or VI. Treat about 20 c.c. of the original 
solution as directed just below, in /3. 

(/3) A white milky precipitate is formed. 

The solution contains a POLYSULPHIDE of one of the metals 
in Group IV, V,*or 141. 

1 A list of these metals is given at the foot of the Jable of Solubilities, 
Appendix E. , 




M PRELIMINARY EXAMINATION. 

^ r 

I , ' 

Add excess o! dilute hydrogen chloride to about 20 c.c. of 
the original solution; boil in a dish until all hydrogen sulphide 
is expelled ; filter from deposited sulphur (if any) and examine 
the filtrate, which contains the metal as (jhloride, as directed 
in 22. » ^ 

(y) A colon rcii p7-ecipit ate is fanned. 

The solution contains a double sulphide of,fin alkali-metal with 
arsenic, antimony, or tin. ' 

Add a slight excess of dilute hydrogen chloride to about 
30 c c. of the original solution, waiin and filter ; test the filtrate 
for an alkali-metal as directed in 24. Wash the precipitate, 
dissolve it in strong hydrogen chloride with addition of a diop 
or two of hydrogen nitrate, and test the solution for arsenic, 
antimony, and tin as directed in 18. 
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SECTION III. 

EXAMINATION qF THE SOLUTION OF A SINGLE 
SUBSTANCE FOR A METAL. 


[If the substance has been dissolved in hydiogen chloride, or 
aqua regia, pass on to 18, since silver salts and mercury protosalts 
cannot be present, and lead will be detected in the next group.] 

1. Examination for the Metals incltided in Group I. 

SILVER, MERCURY (mOllOVal 'lit), LEAD. 

17 Hydrogen -A-dd dilute hydrogen chloride, drop by 
chloride test, drop, to a portion of the cold solution. If a 
precipitate is obtained, add seveial diops of the strong acid, 
and apply heat, in order to ascertain if the precipitate is soluble 
in excess. *■ 

A JVb precipitate, or a precipitaie which dissolves in excess of the 
acid, is obtained'^. 

[If some of it reappears, on cooling the liquid, in needle-Iike 
crystals, it is lead chloride.] 

Silver salts, mercury protosalts, and also lead salts, unless 
the solution is very dilute, are ab%ent. Pass on to 18. 

B A perinanent white precipiiaie is formed. 

A metal belonging to Group 1 is present. 

Add to the liquid containing the precipitate a or 3 c.c. of 

solution of ammonium hydrate, and shake it up. 

_ 

1 Such a piecipitate bt probably due to the piesence of a bismuth 
or ANTIMONY Salt, .since bismuth and antimony chlorides (which will be 
formed on addition of hydrogen chloride^ are more easily decomposed by 
water than their other salts. • 
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(a) The predpikite is redissolved. 

Silver is present. This may be also inferred if the precipitate 
is curdy and becomes gray on exposure to light. As a con- 
firmatoi 7 tost, add to another portion of original solution 
(which, if adid, must be made neutral by ammonia) a drtfp 
of solution of potassium chromate, which will cause a crimson 
piecipitate if silver is present. ^ 

(IB) The precipitate turns black. 

A MERCURY protosalt is present. To cenfirm this, place a clean 
strip of copper in another portion of the original solution, 
acidified, if necessaiy, with dilute hydrogen nitrate. If the 
copper is coated with a gray deposit, which becomes silvery- 
bright when rubbed with a cloth, and disappears when heated 
over a lamp, the presence of mercury may be considered 
certain. r 

(y) The precipitate remains tmaltered in appearance. 

Lead is piesent. To confirm this, test another portion of the 
original solution with dilute hydrogen sulphate ; a white 
precipitate will be produced if lead is present. 

[The precipitate may consist of silica, sulphur, or certain sul- 
phides, if the original solution was alkaline. This, however, should 
have been already ascertained, see 10.] 


2. Examination for the Metals inolitded in Group II. 
MERCURY (divalent), lead, copper, bismuth, cadmium, arsenic, 

ANTIMONY, TIN, GOLD, PLATINUM. 

18 Hydrogau Add to the portion of the solution which has 
sulphide test, [jegn acidified with hydrogen chloride, solution 
of hydrogen sulphide; first a drop or two, shaking the 
mixture, and noting whether any precipitate is produced : if so, 
add more of the reagent until the' liquid, after being well 
shaken, smells stiongly of it; observe if the precipitate changes 
in colour (see note'). 

, f 

' The precipitate produced m wliitions of mercury peisalts, by the first 
drop of the solution of hydrogen sulphide is White,' and quickly changes to 
yellow, brown, and finally black, on furthei addition of the reagent. 

Salts of lead, if a large excess of hydrogen chloride is present, give a dull 
red precipitate of lead snlplwchlonde. 
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A No precipitate is formed. '' 

±— ^ 

None of the metals included in Group II are present. Pass 

on to 20. 

B , A perfectly whiiH, milky precipitate is produced^ This consists 
solely of SULPHUR, and is dhe to the decomposition of the 
hydrogen sulphide^ by some oxidising substance present in 
the solution, probably a chromate or an iron persalt. If the 
solution is red or yellsw, and turns light green simultaneous!}' 
with the precipitation of sulphur, one of the above two sub- 
stances is certainly present ; they will, however, be detected in 
the course of examination for Group III (20), to which you 
should pass on. 

[The decomposition of the hydrogen sulphide may also be due 
to the presence of chlorine (if aqua regia has been used to 
dissolve the substance), a Hypochlorite, a chlorate, a nitrite, 
or a SULPHITE. These will, however, have been detected in the 
preliminaiy examination. Record the result, therefore, but pass 
on to 20 as if the precipitate had not occurred.] 

0 The precipitate is light yelloiv, 

CADmuM, ARSENIC, 01 TIN (as persalt) is present. 

Add to the precipitate (previously pouting off as much of the 
liquid as possible) solution of potassium Rydrate (see note’) 
in excess, and waim the mixture. 

(a) The precipitate dissolves. 

Tin (as persalt) or arsenic is present. To distinguish between 
them, add a few drops of ammonia to a portion of the original 
solution. If a ^vhile precipitate is produced, TIN is present ; 
the reduction of the salt before the blowpipe {inalleable bead, 
'white incrustation) will afford confirmatory evidence. If 7 io 
precipitate is obtained, ARSENIC is present. 

If the presence of arsSnic has not been already indicated in 
the preliminary examination (volatilisation and reduction in 
ignition tube, 0 A f}, add to some of the original substance 
(or solution) 4 or 5* c.c. of solution of potassium hydrate, 
drop in a bit of pure zinc (see p. 369), lay on the mouth of 


‘ The potassium hydrate used for this purpose mu^ be fairly free from 
caibonate, otherwise tin sulphide, if irresent, wili not entirely dissolve. 
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the test-tube bit of white blotting-paper moistened with a 
drop of solution of silver nitrate, and heat the liquid in the 
tube to boiling. If ih£ silvcy HttTiits is blacketisdy arsenic is 
ceilainly piesent. r 

[If aisenic Is found, the substance may be an ARSENiflE 
or ARSENATE ; if the latter, the piecipitate caused by hydiogcn 
sulphide will have formed only on boiliip? the liquid. Refer 
to p. 372, expt. 2, and p. 374, expts. 2, 3, for other means of 
distinguishing between them.] r 

(/3) The yi; eapitate docs nof dissolve. 

Cadmium is present. Confirm this inference by adding am- 
monia to some of the original solution, which should produce 
a white piecipitate, soluble in excess, and precipitated as 
yellow sulphide on addition of hydrogen sulphide to the am- 
nioniacal solution (or the blowpipe test, p. 361, may be 
applied). 

D The p recipitate is orange-coloured . 

Antimony is present. Confiim this by laying a piece of 
platinum foil in a dish, putting on it a bit of zinc, pouring over 
it 5 or 6 c.c. of dilute hydrogen chloride, and adding a few 
drops of the original solution. If a black deposit is formed on 
the platinum, the presence of antimony is certain. 

B The precipitate is dark brown or black. 

hlERCURY, LEAD, COPPER BISMUTH, TIN (aS protosall), GOLD) 

or platinum is present. 

Add to the liquid in vvhich the precipitate is suspended, excess 
of solution of potassium hydrate (see note on p. 507), and 
heat the mixture. 

(n) The precipitate is dissolved. 

Tin, as a protosalt, is presej^t (or possibly GOLD or PLATINUM). 
In confirmation, add a di-op of the original solution to some 
solution of mercury perchloride, 7vhich latter will be reduced 
to protocliloridc and form a white precipitate) 

[It is not very likely that gold and platinum will be met with ; but 
if tin is not detected by the above tests, separate portions of the onginal 
solution should be tested (a) for gold, with soliftion of iron protosulphate 
(P' 391)) V') for PLATINUM, WKth Solution of ammonium chloride 
(P 393)-] 

* If the solution “has a blue or green colour, copper may be at once 
tested for os directed in 19 IB. 
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Paso on to the next 


19 Tests for mer- The remaining metals must be successively 
oury, copper, lead, „ , , r . 

, and bismutli, ^steu lor, as lollows, ^ 

A Place a clean slip of copper in a poition of the original 
solution, acidified, if necessary, with dilute hydrogen chloride. 
The foimation of a gray metallic film on the copper proves that 
MERCURY is present (se^i 17 B fi). The changes in colour of the 
precipitate produced by addition of successive portions of 
hydrogen sulphide to the original solution (see p. 506, note) 
will have also indicated the piesence of mercury, and the result 
of heating the dry substance with sodium carbonate in an 
igmiion tube (9 An) will afford absolute certainty. 


[If hydrogen nitrate or aqua regia has been used in dissolving 
the substance, mercury may have been present originally in the 
monovalent condition, as a protosalt, such as calomel ; this would 
be oxidised to a persalt by the solvent (p. 340) Observe whether 
the body has the characteristics of calomel, such as insolubility in 
water, volatility luithout fusion, &c.] 


B Add to a pouion of the original solution ammonia in excess. 


(d) A -precipitate is at first foryned which readily dissolves in 
excess of auimvnia, forming: a deep blue soliifton. 

Copper is present. To remove any doubt, test another 
portion of the original solution with solution of potassium 
ferrocyanide, which should give a reddish brown precipitate 
of copper ferrocyanide. 

(/3) A ivhite precipitate is produced ■which does not dissolve in 
excess of the ammonia. 

Lead or bismuth is present.* 

To distinguish between them, pour olT a portion of the liquid 
in which the precipilute is suspended into another tube, and 
add at leasCan equal volume of dilute hydrogen sulphate. 

If a white residue remains insoluble, LEAD is present. The 
reduction of the substance on charcoal befoie the blowpipe, 
(10) (malleable globule, ye/loi^ incrustation), will seive as a 
confirmaloiy tes^. * 

If the pi ecipitate dissolves, BISMUTH is present. To confirm 
this, add to the rest of the liquid (c<intaming the precipitate 
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fon-ned by arrfcnoiiia) dilute hydrogea chloride, drop by drop, 
until the precipitate is just redissolved ; then fill up the test- 
tube with watei. If the fluid S^comes milky, the presence of 
BISMUI'H is confirmed. As a further proof, a portion of the 
original suljctaiice may be mixed with some aodium oai?- 
bonate and reduced on charcoal before the blowpipe (brittle 
globule, yellow incrustation). ^ 


3. Examination for the Metals iaclnded in Q-roup III. 

IRON, COBALT, NICKEL, MANGANESE, CHROMIUM, ALUMINIUM, ZINC. 

20 Ammonium Add to a portion of the Oliginal solution (i) 
sulphide test, one-fourth its volume of solution of ammonitiin 
chloride ', (2) solution of ammonia until the liquid smells of 
it stiongly, and lastly (3), whether ammonia has produced any 
precipitate or not, add three or four drops of solution of am- 
monium sulphide, and warm the mixture. 

A No precipila/e is produced. 

None of the metals included in Group III aie present. Pass 
oil to 22. 

B A Mack precipitate is produced . 

Iron, nickel, or cobalt is present. 

[Before applying the next test, consider whether the original sub- 
stance (or the residue from the original solution) became charred 
when heated in a tube (8E). Some organic substances, e.g. tar- 
trates, citrates, sugar, prevent the precipitation of the hydrates by 
potassium hydrate. If, therefore, air organic substance is present, 
it will be safest to filter and wash the precipitate produced by 
ammonium sulphide, and then»to dissolve it in hydrogen chloride 
(adding, if necessary, but not otherwise, a little hydrogen nitrate), 
and boil until all hydrogen sulphide cs expelled. This solution 
should then be used instead of the original solution for the follow- 
ing test.] 

Add to a portion of the original solution some solution of 
potassium hydrate. '' 


^ The ammoniumnchloiide is added to prevent the possible precipitation 
of magnesium as hydrate bjf the ammonia. 
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(n) A dull grain precipitate is formed, which kfcomes nearly black 
and finally reddish brown when shaken up for a shsrt time in 
the tube, in order to expos^it to the air. 

An IRON protosalt is present. In confirmation, test another 
, portion of the"* original solution with solutiijn of potassium 
ferrioyanide, which shouM produce a deep blue precipitate 
(p. 402, expt. s). 

(jS) A light grSi^ii'precipitate is produced, which does not alter in 
colour when exposed to the air or when the solution is boiled. 
Nickel is present. The colour imparted to a borax bead by 
a portion of the substance will be the best confirmatory test 
(8 B t, p. 494). 

(y) A light blue precipitate is formed, which slowly turns green 
hi the air, and becomes reddish brown when the solution is 
boiled. 

COHALT is present. The blue colour imparted to a borax 
bead by a little of the substance will afford absolute certainty 
(9 B a, p. 493). 

(5) A reddish brown precipitate is formed. 

An IRON persalt is present. If so, hydrogen sulphide will have 
produced a precipitate of sulphur (18 B). Confirm this by 
testing another portion of the original solution with solution of 
potassium ferrooyauide, which will produce a deep blue 
precipitate of Prussian blue. 

C A precipitbie^ is produced tukich is white, green, or gray {not 
black). 

The absence of iron, nickel, and cobalt is ceitain ; it will be 
safest to test for all the other metals in this gioup. 

[Before applying the next test, consider whether the original 
substance (or the residue from the original solution) became 
charred when heated in a tube (8 E). If it did, read the pre- 
liminary remark in the last paragraph (B) and proceed as there 
directed.] , 

Add to a portion of the original solution, some solution of 
potassiiun hydrate, diop by drop, observing whether a pre- 
cipitate is produced, add if so, whether it dissolves in excess. 

(a) No precipitateHs pmduced. 

If the original solution is red or yellow, and neaily lost its colour 
when the ammonium sulphide was adijed jusl now, a chromate 



512 


EXAMINATION OF THE SOLUTION OF 


is pies 6 nt. will be confiimed in the*^ usual course of 

testing for acids (Sect. IV). Pass on to 22. 

If the oiiginal solution was colourless, there is reason to test 
for a MI.IC.VTE, if this has not been already done, as directed 
in 16 B, p. 5 fi 2 . ’’ „ 

{(i) A gray precipitate is produced, insolitble in excess, and turning 
brown when s/uiHii up with air. 

Mi\NG.\NESE is present. To confirm thfs, Iieat some of the 
original substance in a borax bead (9 B, p. 493 ). 

(y) A dull hlntsh green precipitate is produced, soluble in excess, 
forming a green solution. 

Chromium is jiresent. The colour imparted to a borax bead 
(0 B, p. 493) will confirm this. 

(il) A luhite precipitate is produced, soluble in excess. 

Zinc or Aluminium is present. 

To distinguish between them, pour off some^of the solution 
(containing e.xcess of potassium hydrate) into another tube and 
add solution of hydrogen sulphide. 

(an) If this produces a white precipitate, ZINC is present. This 
should be confiimed by application of the blowpipe test, 10 A 
[incrustation on charcoal, yellow while hoi, white when cold; 
turning green on ignition with cobalt nitrate). 

0/3) If no precipitate is fit med, ALUMINIUM is present. To 
confirm this add some of the remainder of the solution (in 
potassium hydrate) to some solution of ammonium chloride 
in another test tube, and warm the mixture.*' The formation 
of a white gelatinous precipitate will confinn the presence of 
ALUMINIUM (but see note ^). 

(f) A white precipitate is produced, insoluble in excess of potash, 
unaltered in air. 

The substance is an oxalate, phosphate, fluoride, or 
BORATE ; the other radicle being BARIUM, strontium, 
C.ALCIUM, or magnesium ^ If SO, it will have been found 


‘ Solution of potassium hydiate often contains a sili&ate and alnminnte 
and a slight precipitate due to these must be allowed for. The best plan 
1^3 to make the same experiment with the plain solution of potassium 
hydrate, and see if theie is any difference in tlie'a.mount of precipitate in the 
two cases. ^ ^ 

^ These salts are soluble in ac'ids, but aw rep'ecipitated, unaltered in 
composition when the solution is neutralised. Hence either they must 
be e.’caunnecl by tests which can be applied to acid solutions, or they 
must be decomposed by otljer means. ■' 
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soluble in hydrogen chloride, not in water! Pass on to the 
next paragraph. ’ 

31 Tests for ^ portion of the original (acid) solu- 

barium, ao , as tiom an equal volume of solution of oaleium 
'oxalate, &o, , ^ 

’ sulphate. ' 

A An tnimediaie white precipitate is formed. 

— .jj 

Barium is preuent. The green colour imparted to flame ( 11 ) 
will sSrve to confirm this. 

B A precipitate is produced, hut only after the lapse of three or 
four minutes. 

Strontium is present. The crimson colour imparted to flame 
(11) will seive to confirm this. 

O No precipitate is produced even after the lapse of eight or. ten 
minutes. 

Add to a portion of the original solution a few drops of 
dilute hydrogen sulphate and then 5 or 6 c.c. of alcohol. 

If a white precipitate is formed, calcium is present. The orange- 
red colour imparted to flame (11), for which the precipitate just 
obtained may be filtered off and used, will serve to confirm this. 

If 110 precipitate is formed, magnesium must be present. To 
obtain positive evidence some of the oiiginal substance must be 
decomposed in4he following way. 

Boil some of the original substance (or solution) with 10 or 12 
c c. of solution of sodium carbonate for a couple of minutes, adding 
some solid sodium carbonate to saturate the solution. Filter, and 
wash the precipitate, which, if magnesium is present, will contain 
it as carbonate. Pour on the filter 3 or 3 c.c. of dilute hydrogen 
chloride, receiving the filtrate in a test-tube and pouring it 
again on the filter so as to dissoVe the whole of the precipitate. 
Add to the solution (which will contain any magnesium present as 
chloride) about one-fourth'its volume of solution of ammonium 
chloride, and tilen enough ammonia to make the liquid smell 
strongly of it ; this will probably produce a precipitate, consisting of 
some undecomposed maignesiuni salt, which must be separated by 
boiling and filtering the liquid, AcW to the clear filtrate a drop or 
two of solution of so^tirn-hydrogen phosphate, and shake the 
mixture. If a white granular precipitate is formed, magnesium 
is present. * 

L 1 
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Having found fhe metal you may proceed at once to test for 
an oxalate, phosphate, boiate, and fluoride as directed in 30, &c., 
P-521. 

. 

4. Examination for tlie Metals included, in Gtroup IV. 

BARIUM, STRONTIUM, CALCII^M. 

22 Ammoniirm To the portion of the solution in which am- 
oaxbonate taat. monium sulphide has produced no precipitate, and 
which must also contain ammonium chloiide and ammonia, add 
a fewdrops of solution of ammonium carbonate, and applyheat. 
A IVo precipitale is formed. 

None of the metals included in Group IV are present. Pass 
on to 23. 

E A Tuh'ie precipilate is formed. 

Barium, strontium, or calcium is present. 

Add to a fresh poition of the original solution an equal 
volume of solution of calcium sulphate. 

(«) A white jiredpiiate is produced immediately. 

Barium is present. As a confirmatory test, add to another 
portion cf the solution (neutralised if necessary) some solution 
of potasaium chromate, which will produce a yellow pre- 
cipitate if barium is present. Observe also the_colour imparted 
by the original substance to flame (11). 

(/3) No immediate precipilate is formed. 

Strontium or calcium is present. 

Allow the solution to stand for four or five minutes, and then, 
if no turbidity appears, warm it. 

(y) A precipitate is formed after the lapse of some time. 
Strontium is present. The carmine-red colour imparted to 
flame (11) will be a conclusive proof. 

(8) No precipitate is formed, even ffter the solution has been 
allowed to stand and warmed. „ 

Calcium is present. In confirmation, add to a fiesh poition 
of the original solution enough ammonia to render it alkaline, 
and then a drop of solution of ammonium oxalate, which 
should produce a white precipit<;<te ’. Observe also if the 


It must be bonfe in mind that this lesult is only characteristic of the 
presence of a calcium salt ^hen barium and strontium have been proved to 
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. ) ^ 
substance imparts to flame a brick-red colbui', which appears 

greenish gray when looked at through a piece of blue glass (11). 


6. Examination for the ^etal inclnded^n Group V. 

MAGNESIUM. 

23 Sodium-hydio- portion of the solution in which am- 

gen phosphate monium carbonate produced no precipitate, and 
which also contains other ammonium salts, add 
a drop of solution of sodium-hydrogen phosphate, and, if 
no precipitate is produced, rub the sides of the tube gently with 
a glass rod. 

A No precipit ate is formed . 

Magnesium is absent. Pass on to 24 . 

B A crystalline precipiiate is formed. 

Magnesium is present. In confimiation, ignite some of the 
original substance on charcoal, moisten the white lesidue with 
a drop of cobalt nitrate, and again ignite stiongly. If the 
mass is light pink when cool, the presence of magnesium is 
confirmed (p. 452). . 


6. Examination for the Metals included in Group VI. 

POTASSIUM, SODIUM, AMMONIUM, HYDROGEN. 

24 To a fresh portion of the original solution placed in a small 
beaker, add a little powdered calcium hydrate or oxide, 
cover the beaker with a watch-glass on the under surface of 
which a slip of moist reddened litmus-paper has been placed 
(p. 465), and wami the mixture Tery gently for half a minute. 

A The litmus-paper is turned blue. 

!( 

Ammonium is, present. In confirmation, observe the odour 
of the gas, and see whether white fumes are formed when a 
glass rod dipped in hydrogen chloride (or acetate) is held 
within the beaker. The original substance will also have been 
found, in part, at lejtst, volatile when heated (8). 

be absent : since either of the lattei would, present, yield a similar 
precipitate. 

L 1 2 
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B The Uhims-papeT is unaliered. 

Potassium, sodium, or hydrogen is present. 

Add to another portion of the original solution, rendered 
slightly acid, if wecessary, by hydiogen chloi'lde, a drop or twp 
of solution of platinum pereliToride, and, if no precipitate 
is formed, evaporate the solution to dryness in a watch-glass 
and treat the residue with dilute alcohol (p. 45(5). 

(o) A y'elloit) crystalline preci-piiate, tr insoluble residue., is 
obtained. 

Potassium is present. To remove any doubt, add to another 
portion of the solution (concentrated, if necessaiy) an equal 
volume of common aloohol, and test it with solution of 
Bodium-liydrogen. tartrate, which should produce a white 
ctysialltHC predpitate (p. 457). Also observe if the substance 
imparts a lavender colour to flame, appearing cnmson when 
looked at through blue glass (p. 457). 

(/ 3 ) No preupitate or insoluble residue is obtained. 

Sodium or hydrogen is present. 

To test for the former metal, place a little of the original sub- 
stance in a loop of perfectly clean platinum wire, and hold it 
in the flame of a Bunsen’s buiner. If an intense yellow colour, 
lasting foY some time, is imparted to the flame, which is nearly 
or quite invisible when looked at through a piece of blue glass, 
the substance is a .sodium salt. ^ 

[It must be remembered that mere traces of sodium (which is 
nearly always present as an impurity in other substances) will colour 
the flame yellow. But such traces aie soon volatilised, and hence 
if the substance continues for some minutes to impart an intense 
yellow colour to the flame, it may be certainly infeixed to be 
a sodium salt.] 

If sodium is not found, andhio other metal has been detected 
in the pievious stages of the analysis, the basic radicle is 
probably hydrogen alone. 

The presence of a hydiogen salt will have been already 
infeired in the preliminary examination „(15 B). Proceed with 
the examination for the othe/ ladicle (Sect. IV); and when it 
IS found, consider whether the originaf substance possesses the 
properties, such as volatility, of its hydrogen salt. 
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SECTION IV. 

EXAMINATION OF A SINGLE SUBSTANCE. FOR A 
NON-METALLIC RADICLE. 


Consider, in the first place, what radicles may be inferred to 
be present from the solubility or insolubility of the substance in 
water, and the’ results of the preliminary examination. 

(a) If it is soluble in water, the radicle sought must be one 
of those which foim compounds soluble in water with the metal 
which is known to be present. 

{i) If it is insoluble in water, but soluble in acids, the 
radicle must be one of those which form compounds soluble in 
acids only, with the metal which is known to be present. 

The Table in Appendix E will serve as a gutde, but there 
are so many degrees of solubOity that it is not always safe 
to infer the pFesence or absence of a radicle on this ground 
alone. 

The following radicles will have been detected with certainty 
in the preliminary examination, and will not be further referred 
to in the course. 

' Carbonate (8 F* y , 12 A). Nitrite (12 H). 

Sulphide (12 F). , Silicate (4 B ft 10 A, B). 

Sulphite (12 D). Hypochlorite (12 G). 

Thiosulphate (8 D f, 12 D). Hypophosphite (8 F fi). 

Cyanide (8 F ft 12 Oj. 

1. Examination for TARTRATES, ACETATES, CHRO- 
MATES, SULPHATES, and FLUOSILICATES. 

25 Refer to the lesuks obtained b^ heating some of the original 
substance (or the residue obtained by evaporating the solution) 
in an ignition tube (8). 
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A The substance llrame charred . 

It is a TARTRATE, 01' ACETATE (or pOSSibl)' an OXALATE^). 

Boil some of the original substance with some solution of 
sodium oai’toonate ; oi, if it was a liquid, add excess of sodium 
carbonate to it; filter, if necessary, and add a few drops of 
solution of silver nitrate to the clear liqui^, sufficient to pio- 
duce a white inecipitate of silver carbonate^; lastly, l^oil it 
for lialf a 'minute, adding more silver nitrate if the precipitate 
dissolves. 

(n) The prccipitale tu7-ns black. 

The substance is a tartrate. 

O) The preaptiate remains unaltered in colour., or only turns 
light bi'oioit. 

The substance is an acetate (or oxalate). 

To make sure whether an acetate is present or not, acidify a 
little of the original solution (if not already acid) with hydrogen 
chloiide, add a little powdered chalk or marble, boil, and filter (the 
leactioii is explained in expt. 4, p. 215). To the clear filtrate add 
071C drop or less (on a glass rod) of solution of iron perchloride. 
If the solution turns red a^id, viheji boiled, gives gradually a reddish- 
brown precipitate, an ACETATE is present. 

If it is not found, test for an oxalate as directed in 30. 

[Citrates, though not of very common occmrence, may be 
here e.xamiiied for, if an acetate is not found, bdlore passing on 
to 30. Add to some of the original solution about i c.c. of solution 
of ammonium chloride, then enough ammonia to render it 
alkaline, and lastly some solution of calcium chloride. 

If a precipitate forms at once, an oxalate is present. Pass on 
to 80. 

li no precipitate is formed, hoW the liquid for half a minute. If 
a crystalline precipitate gradiialty fonns, a citrate is present.] 

B The substance did not become charred . Pass on to the next 
paragraph. 

26 Barium Add to a portion of the original solution 
oMoride test, (-which, if acid, must be 'made slightly alkaline 
by ammonia ; any precipitate thus foj-med being filtered off) 

These (unless quite pure) become, in many cases, more or less charred 
when heated. ir 
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a few drops of solution of barium chloride (or bariiun 
nitrate, if lead, silver, or mercury as protosalt is present '). 

A No precipitate is formed . Pass on to 27. 

B ^ A yellow precipijate is formed . 

The substance is a chromate. This will have been sus- 
pected already (18 B, 20 C a), and may be confirmed by the 
colour imparted 'to'^a borax bead (green in both flames). 

C A while precipilale unformed. , 

This may indicate the presence of any of the radicles in- 
cluded in Group I (p. 479 ). 

Add to this an excess of dilute hydrogen nitrate. 

(o) The ‘precipitate dissolves. Pass on to 30. 

(8) The precipitate remains undissolved. 

A SULPHATE is present. 

Confirm by testing the original solution (which must not con- 
tain hydrogen chloiide), acidified with hydi’ogen nitrate, with 
solution of lead aeetate, which will cause a white precipitate 
if a sulphate is present 'h 

[Fluosilicates .ilso give a precipitate with barium chloride, insoluble 
in acids. Hence if no precipitate is obtained with lead acetate, it will be 
well to test the substance for a fluonde as dueclcd in 83, p. 523 , and, if it is 
present, to place over the leaden cup a slip of glass on ijie under side of 
which a drop of water has been deposited. If a white film is formed in 
and around this, silicon fluoride is being evolved ns well as hydrogen 
fluoride, and the^ubstauce is a fluosilicnte.J 


2. Examination for BROMIDES, IODIDES, EERRO- 
CYANIDES, THIOCYANATES, CHLORIDES, and 
CYANIDES. 

27 Silver nitrate Add to bome *of the original solution (which 
test. must hav^ been made with water or hj'diogen 
nitrate, not hydrogen chloride) enough concentrated hydrogen 


' A little barium nitrate for this purpose may be readily prepared by 
dissolving a small quantity of barium qjtide, hydrate, or carbonate, m dilute 
hydrogen nitrate. * * 

^ Another very good confirmatory test for a sulphate is, to fuse the sub- 
stance on charcoal with a little sodium carbonate (see p. 2S9), and 
examine the fused mass for a sulphide. % 
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nitrate (at 'least jOne-sixth its volume) to render it strongly'^ 
acid, and test it with solution of silver nitrate. 

A No precipita te is formed. Pass on to 28. 

B A white or light yellow precipila/e is fonned. r ^ 

The solution contains one of the above-mentioned radicles. 
Add to some of the oiiginal solution, acidified with hydrogen 
nitrate, a few drops of solution of chlorine. ' 

(a) The liquid turns yclloTS). c 

A BROMIDE or IODIDE is present. 

Pour off some of the yellow solution into another tube and add 
some freshly-made solution of starch. 

If the liquid turns deep blue, an IODIDE is present. 

If the liquid does not change colour, a bromide is present. 
Confirm by adding to the remainder of the yellow liquid (to 
which more chlorine may be added) some carbon disulphide, 
and shaking it up. If the globule which sinks to the bottom 
IS orange-coloured, the original substance is a BROMIDE. 

O) The liquid does not turn yellow. 

A FERROeVANIDE, THIOCYANATE, CHLORIDE, or CYANIDE IS 
present. 

Test a portion of the oiiginal solution (acidified with hydrogen 
chloride, it not already acid) with solution of iron perohloride. 
If this produces a blue precipilate, a FERROCYAnide is 
present. ^ 

If the liquid turns deep red, a THIOCYANATE is present. 

If no alteration takes place, the substance is a CHLORIDE, or 
CYANIDE (the latter should have been detected already in 12), 
To ascertain if a chloride is present, put some of the oiiginal 
substance, or solution (in water or hydrogen nitrate), into 
a test-tube, add a little manganese dioxldB and then 2 or 
3 c.c. of strong hydrogen sulphate, and waira it gently. 
li a greenish yellow gas, which bleaches moist litmus-paper, is 
given off, the substance is a chloride. 

[A hypochlorite would give a similar reaction ■ but this radicle, . if 
present, should have been detected already in 12 Q, p. 499.] 

K a chloride is not found, a cyanide should be tested for, 
if this has not already been,done, as directed in 12. 


If the solution is only slightly acidified, an oxalate 
cause tlie formation of a precjpitate of silver oxalate. 


may, if present, 



FOR A NON-METALLIC RADICLE. 


521 


3. Examinatiou for CHLORATES* NITRATES, 
OXALATES,' PHOSPHATES, BORATES, and 
ELUORIDES. 

These ladicles should be tested for in separate portions of the 
original substance or solution, in the following order : — 

28 Test for ■. a di op of indigo sulphate to a little 

oHorates. dilute Iji'drogen sulphate in a test-tube ; add to 
this a few drops of solution of hydrogen sulphite (or a small 
crystal of sodium sulphite) ; then add a few drops of the 
original solution to be tested h 

If ihe blue colour of the indigo disappears at once without heat- 
ing., a CHLORATE is present. Confirmatory evidence of this will 
be found in 8 E y (evolution of oxygen on heating) and 12 G 
(evolution of chlorine tetroxide). 

If the indigo remains unaltered (for a time, at all events), pass 
on to the ne.xt paiagraph. 


29 


Test for A.dd to some of the original substance (or of 
nitrates. concentrated solution) a little strong hy- 

drogen sulphate, shake up, and cool the mixture in a stream 
of water. When it is quite cold, hold the tube* in a slanting 
position, and pour slowly down the side a little solution of iron 
protosulphate, so as to form a layer on the top of the denser 
acid solution : then allow it to stand for a minute. 

If a dark brown layer is formed (either immediately or in the 
course of a minute or two) where the two liquids are in contact, 
which disappears when the whole is shaken up and heated, 
orange vapouis appearing in the tube, a nitrate is piesent. If 
not, pass on to the next paragraph. 


30 


Test for Put ^ manganese dioxide into a test- 
oxaiates. tube, add a few drops of water and about twice 
as much strong hydrogen sulphate, [If any effervescence 
occurs, wait until it Jias ceased.] Then add a little of the 


original substance, or the strong solution. 


1 If lead, barium, or strontium is present, a precipitate will, of course, 
be formed ; but this may be neglected. % 
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If an effervesce7i(f. begins'^ (best observed by tile hissing sound 
when the open end of the tube is held to the ear), and if the gas 
given off is found to be carbon dioxide by the limewater test 
(P- ihc substance is an oxalate. If vot, pass on to the 
next paiagraph, , 

31 Teat for Place some solution of ammonium molyb- 
phoaphtttea. (jate in a lube, add a few dropli of the ordinal 
Solution (atidified, if necessary, with lr}’drogen nitrate) and 
wann it gently (but do not boil it). 

If a yellow precipitate is formed, a phosphate is present^. 

[An arsenate would give a similar reaction. If arsenic has been 
found in the reduction in an ignition-tube (0 A /3, p. 493), boil some 
of the original solution (neutialised, if necessary, with ammonia) 
with a small crystal of sodium thiosulphate: then"add excess of 
hydrogen chloride and boil again, li a yellow precipitate is pro- 
duced (of arsenic sulphide) an arsenate is present. If only a white 
milky precipitate of sulphur forms, the substance is a phosphate.] 

If this is not found, pass on to the next paragiaph. 

32 Tost for Place a little of the substance, or of the con- 
boratas. centrated solution, in a watch-glass, add sufficient 
dilute hydrogen ohloride to make the mixtuie decidedly acid 
(if it is ahead}' acid, this need not, of course, be done), dip into 
the liquid one-half of a strip of turmerio paper^ and diy it by 
holding it on wire-gauze at some distance above a small lamp- 
flame. 

If the dipped portion becomes faintly red, and turns bluish 
black when a drop of solution of sodium carbonate is placed upon 
it, a BORATE is present. To obtain further proof, put a little 
of the substance (or solution)" into a small dish, add some 
alcohol and several drops of stiong hydrogen sulphate; stir 
them together, and set liie to the mixture. Jf a borate is 
present, the flame will be edged with green. 


^ Caibonntes, tartrates, and citrates must have been previously proved to 
be absent. r r ^ 

This test, of course, applies strictly to 01 thophosphates, which are the 
only phosphates of CQinmon occurrence. Tor the distinctive tests for pvro- 
ana metaphosphates, see p. 1W3. ^ ^ 
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33 Tost for ’ Put some of the original sijbstarice (or of the 
fluorides, residue obtained by evaporating thJ solution) 
into a capsule of lead or platinum ; add a few drops of strong 
hydrogen sulpbyate, and stir the whole together. Cover the 
capsule with a glass plate ci?ated with wax (see p. 265), and 
having some letters traced on it, as there directed ; and place 
the capsule on sonle warm sand for four or five minutes. 

If,'' on removing tl;^e wax, the leitcrs are permanently etched 
into the glass, the substance is*a fluoride. 

If no non-metallic radicle can be detected by the above course 
of examination, the substance may be an oxide. Observe 
whether it has the chaiacteristic propeities of the oxide of the 
metal which has alieady been found. 


4. Methods of separating the metal in special oases. 

34 Separation of P" ihe above tests have given no satisfactory 
the metal, results, it will be advisable to separate the metal 
and to obtain the other radicle in combmation with sodium or 
ammonium. The means to be employed for effecting this will 
depend upon the metal present. • 

A The metallic radicle belongs to Group /, II, or III . 

Boil some of the substance or solution with 5 or 6 c.c. of 
solution of ammonium, sulphide for a few minutes ’ ; allow 
any residue to subside, decant the clear solution into a porcelain 
dish, and evaporate it to dryness. Warm the residue with some 
water, filter the solution, which (unless the oiiginal substance 
was an arsenic, antimony, or tin salt) will contain only the 
non-metallic radicle associated with ammonium, and examine it 
as directed in 12 and 26. 

[If ARSENIC, ANTIMONT, or TIN have been found to be present 
the solution will contain ammonium thioarsenate, thioantimonate, 
or thiostannate. In this case, add to the solution a slight excess 

* 

‘ If the metal belongs to Group I or II, it may be separated by adding 
excess of solution of hydrogen sulphiJe to some of the original solution ; 
or, to avoid the great dilution thus caused, a current of hydiogen sulphide 
gas may be passed through Some of the solution in a test-tube or sm.ill 
flash. The non-metalhc radicle is thus obtainej^ln solution ns a hydrogen salt. 
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of dilute hycJrogeij. nitrate, which will thiow doVn the metal as 
sulphide, fiiter the solution, and examine it as directed in 12 and 
26, remembering that a nitrate is now present.] 

B Tht' metallic radicle beloitgs lo Group IV or V. 

lloil some of’the substance w]th solution of sodium car- 
bonate for a few minutes, filter the solution, and test it as 
directed in 12 and 26, decomposing the exdess, of sodium car- 
bonate witl^ dilute hydrogen chloiide or mtiate, as requiiedl 
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SECTION V. 

A:ts"ALYSIS ■'of a single substance which is 

INS0LUB2E IN WATER AND ACIDS. 

It will be seen, by a reference to the Table of Solubilities 
(Appendix E), that the salt must be one of a very limited 
number of substances. The following list includes all the in- 
soluble substances which aie commonly met with in inorganic 
analysis : — 

(Lead sulphate). 

Silver chloride. 

Silver bromide. 

Silver iodide. 

Tin dioxide. 

(Antimony trioxide). 

(Antimony pentoxide). 

Iron ferrocyanide (Prus- 
sian blue).. 

Chromium - iron oxide 
( chrome iron stone). 

(Chromium sesquioxide). 

[The substances enclosed in brackets dissolve with great difficulty 
in acids.] 

Sulphur will have been recognised already (8 D f). 

35 Action of potaa- Toil some of the substance with strong solu- 
sium hydrate, tion of potassium hydrate. ' 

A IVo action iahcs place. Pass on to 80. 

B The substance is decomposed or dissolved. 

Add water, and filter if necessary. Examine the filtrate by 
the usual course for a n^n-metalfic radicle, beginning at 13 and 
25. Wash the residue, if any ; dissolve it in hydrogen nitrate, 
and examine the solution for a metal, t^eginnhig at 17. 


(Aluminium sesquioxide). 
Barium sulphate. 

Strontium sulphate. 
(Calcium fluoride). 
Aluminium-sodium fluoride 
( cryolite). 

Barium fluosibicate. 

Silicon dioxide. 

Silicates of various kinds. 
Sulphur. 

Carbon. 
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36 Refer tq the results obtained by heating the substance in an 
ignition tube (8). 

A Tht' sub stante ims unaltered, and is dark-coloured. It may be 
chiomium-iion «xide (chiome iron stone), chromium sesqui- 
oxide, cai'hon, or one of certain sificates. 

Powder a little of it and mix it intimately ^vith about twice as 
much potassiiim nitrate; put some of the mixture injn an 
ignition-tub*e and heat it, at first gently, '’afterwards as strongly 
as possible. 

(n) The substance deflagrates. 

It IS CARBON (charcoal or graphite ; if the latter, it will have 
been acted on only with difficulty, and will have a metallic 
lustre). To confirm this, dip the bulb, while l^ot, into a veiy 
little water in a dish, when it will crack oiT ; pour off the 
solution into a test-tube and examine it for a carbonate as 
diiected on p. 195. 

(/3) The substance is acted on •with fortnation of a yello'w inass. 

It is CHROMIUM-IRON OXIDE, or CHROMIUM SESQUIOXIDE 
(if the latter, it will be green). Detach the yellow mass by 
dipping the hot bulb into water, as diiected just above; powder 
it, and boi|it with water; then filter it and examine the filtiate 
for a chromate as directed in 20. If any brown residue 
remains on the filter, it is probably iron oxide, and should be 
dissolved in a little hydrogen chloride, and the solution tested 
for iron with potassium ferrocyanide. 

(■y) No actum occurs. 

The substance is probably a silicate. Pass on to 37. 

B The substance was unaltered, or only fused, and is while or 
light yellow. 

Mix a little of it with pot&ssiiim cyanide, and heat it 
strongly on charcoal, as directed in 10, if this has not been 
done already. 

(d) A metallic globule is obtained. The substance is one of the 
above compounds of silver, lead, tin, 01 antimony. 

Refer to 10 B to decide fwhich metal is present from the 
character of the globule and incrusta'cion { and, if there is any 
doubt, treat the globule with hydrogen nitrate as directed in 7, 
p. 488. 
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If LEAD isl found, boll some of the original substance with 
solution of sodium carbonate, and test 'the solstion for a 
sulphate. 

If SILVER is found, mix a little of the original substance with 
-> about three tifnes as much sodium earboi>ate, and fuse the 
mixture in an ignition tube, or on a bit of porcelain : powder 
the fused mass and boil it with water, filter, and examine the 
filtrate for ia 'bromide, iodide, and chloride as diiected in 
27 B. 

{(3) No imtalHc globule is obtained. 

In this case it will be best to decompose the substance by 
fusion with sodium carbonate, as directed in the next paragraph. 

Fusion with Reduce some of the substance to an impal- 

sodium car-, pable powder (using an agate mot tar, if possible), 
hoaate. about four limes its weight of 

sodium carbonate (or of a mixture of sodium carbonate with 
potassium carbonate, which fuses at a much lower temperature 
than sodium carbonate alone). Place the mixture in a pla- 
tinum capsule ‘ or on a piece of platinum foil turned up at the 
edges (p. 8 ), and heat it strongly over the gas blowpipe (or in 
a small gas furnace, if at hand), until all action i^ over and the 
mass is in a state of calm fusion. After allowing it to cool, 
detach it from, the capsule, and grind it with a little water in 
a moi tar ; then transfer the whole to a beaker, and boil it for a 
few minutes with about 20 c.c. of water. 

[While this is going on, a fluoride may be tested for by heating 
a little of the substance (in a platinum vessel) with strong hydiogen 
sulphate, and observing whether vapours are evolved which etch 
glass (p. 265). If a fluoride is found to be present, continue heating 
the substance with hydrogen sulphate for five or six minutes, then 
allow the mass to cool, ad^ a little water, mixing it thoroughly with 
the substance, a-nd boil the mixture in a test-tube. Test the filtered 
solution for aluminium (20 C) and calcium (22 B 6).] 

By this treatment* the metals are separated as insoluble 


‘ An iron cup will do ; but if this is used, iron must be tested for in 
a separate portion of the substance. , 
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carbonates cL oxides, while the non-raetallic radicles are obtained 
in solutioir as sodium salts. 

Pour the whole on a filter, and test the filtrate (which, of 
course, contains excess of sodium caibon^te) by the usual 
couise for a silicfite, sulphate, and^fiuoikle. 

Wash the le.sidue, dissolve it in dilute hydiogen chloride 
(pouring the warm acid several times o\er it, on the filtei), 
and test it for a metal by the usual course. '■ 

• r 
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SECTJON VI. 

EXAMPLE OF THE ANALYSIS OF A SINGLE 
^ SUBSTANCE. 

The following account is intended as an illustration of the 
proper scientific way in which the course of examination of an 
unknown substance should be written out, in accordance with 
the principles ^given on p. 481. 

(The substance taken was manganese chloride.) 


The single substance for examination was a light pink solid, 
not crystalline, which soon became moist when exposed to the 
air, and was readily powdered in a mortar. 

A. Preliminary Examination. 

1. A portion of the substance, heated in a test-tube with 
some water, readily dissolved, forming a nearly colourless solu- 
tion which was neutral to test-paper. 

2. A little of the solid substance was heated gently in an 
ignition-tube. It gave off traces of water, and when heated 
nearly to redness it fused into a brownish liquid which solidified, 
on cooling, into a pink crystalline mass. No vapours weie 
given off, and no charriug of the substance was observed. 

Hence no oiganic radicle is present. 

3. Since the substance was coloured, a little of it was heated 
in a borax bead before? the blowpipe. It gave a tiansparent bead 
which Avas amethys j-red in the sxidising flame and colourless 
in the reducing flame. 

Therefore manganese is pre^nt . 


M m 
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4. A little* of tlye substance was gently warrfled with strong 
hydrogen Sulphate in a test-tube. It gave off pungent colour- 
less vapouis, which reddened litmus-paper, but had no very 
characteristic smell or action on the glass. ^ 

B. Examination of the Solution, for a^Metal. 

1. A portion of the solution was test^ with a few drdps of 
dilute hydrogen chloride. 

No ppte. was formed. 

Therefore silver, mercury {as protosalt), and probably 
lead, are absent. 

2. To the same portion of the solution (containing hydrogen 
chloride) was added an excess of solution of hydrogen sulphide, 
and the mixtuie was warmed. 

No ppte. was obtained. 

Therefore no metal belonging to Group II is present. 

3. Another portion of the original solution was mixed with 
some solution of ammonium chloride, rendered alkaline with 
ammonium hjjdrate (which caused a ppte.), and tested with 
a drop of solution of animonium sulphide. 

A ppte. was formed, which was dull pink, not b lack, in colour. 

Therefoie the metal belongs to Group III, but is not 
iron, cobalt, or nickel. 

4. Some of the original solution was tested with potassium 
hydrate. 

A gray ppte. was formed, which became brown on being 
shaken up. 

Therefore the metal present is Manganese. 

This was confirmed by the colour inrparted to the borax bead. 


C. Examination for the non-raetallio Radicle. 

Since the substance is a manganese salt readily soluble in 
water, the following radicles may be present : — Nitrate, Acetate, 
Chloride, Iodide, Bromide, Sulphate, Chromate. 
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It is not an') acetate, since it did not blacjcen when strongly 
heated. 

It is not a chromate, since the solution was nearly colourless, 
and gave no ppj:e. of sulphur when warnie^ with hydrogen 
sulphide. i 

It is probably not a nitrate, since no perceptible decom- 
position took pkic 3 when it was heated. 

1. ''A portion of th^ original solution was tested with a drop 
of solution of barium chloride. 

A slight turbidity was pioduced, which did not disappear 
when excess of hydrogen nitrate was added; but as the ppte. 
was quite disproportionate to the quantity of salt known to be 
in solution, it proved that a sulphate was present only as an 
impurity. 

2. Another poition of the oiiginal solution was acidified with 
hydrogen nitrate and tested with solution of silver nitrate. 

A white flocculent ppte . was formed. 

Therefore the substance is an iodide, bromide, or 
chloride. 

3. Some- of the original solution was acidified with hydrogen 
nitrate and tested with solution of chlorine. 

No yellow colour appeared. 

Ther’efoi-e the substance is not an iodide or bromide, 
but probably a chloride. 

To confirm this a little of the solid substance was mixed 
with some manganese dioxide, and warmed in a test-tube with 
some strong hydrogen sulphate. A gas was given off which 
was proved to be chlorine by its odour, its yellowish green 
colour, and its bleaching action Irn a piece of litmus-paper held 
in the tube. , 

Therefore the non-metallic radicle is Chlorine . 

And the substance is Manganese Chloride. 


M ra 2 
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APPENDIX A. 

SUGGESTIONS FOR THE CONSTRUCTION of 
CHEMICAL APPARATUS. 

The set of appaiatus described at the beginning of this book 
is, necessarily, a lather expensive one; and although it includes 
nothing which would not be found in a regular laboratory, yet 
a student who is working by himself may not find' it possible or 
advisable to spend so much on the niatenals for his e.xperiments. 

The object of the present chapter is to supply a few hints for 
the construction of simp'ci and cheaper forms of apparatus, such 
as may be made by any one possessed of a little mechanical skill 
and a few carpenter’s tools. The student should never rest satis- 
fied with clumsy makeshifts ; he should endeavour to do the best 
he can with the mateiials he has at hand. 

[The mimberr refer to those in the list of app.iratiis at the beginning 
of the booh.] 

2 . Measures. A method of making these has been illustrated on 
p. 49. Larger measuies than the one there mentioned can, of 
course, be made in the same way ; a tall, naiTOW, wide-mouthed 
bottle or jar' being counterpoised in the balance, and 10, 20, &c 
grins, of water weighed into it. Or, successive poitions of 10 c.c. 
of water may be measured into the jar from the small test-tube 
measure already made. The graduation-marks may be either made 
with a file or, more neatly, by cohering the whole of the outside of 
the jar with wax before graduating it, scratching the requisite marks 
and figures through the wax with a pointed bit of hard wood or of 
wire, and exposing it to the vapours of hydrogen fluoride prepared 
in the usual way (p. 265). A long narrow trough of sheet lead will 
serve to contain the fluor spar and acid. ■> 

4 . Weights. Duplicates ofrtny ot the smaller weights to which 


' A common floiyer-vase may often be obtained which answers the 
purpose well. 
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you have acce^ may be readily made out of ftrips ^of sheet brass 
or lead, cut at first decidedly heavier than the inten’ded weight, 
and then carefully reduced, first by cutting off small strips with 
a pair of shears or scissors, and lastly by filing, until they exactly 
'“balance the standard weight. * 

When a strip has been cut off and the weight is still too heavy, 
you may ascertain ^hether it will be safe to cut off another similar 
strip by putting’ the piece cut off in the same scale as the standard 
weiglit, and observing^, whether the weight you are making is still 
too heavy ; if it is, another strip equal in size to the last may be 
cut off. If the piece of metal is inadvertently made too light, it 
may still, of course, serve for a duplicate of the next smaller weight. 
Figures or marks showing its value should he scratched or punched 
upon the metal before it is quite reduced to the proper weight. 

If no standard weights are at hand to be copied (but only in such 
a case), a set of small weights such as fractions of the gramme may 
be made as follows : — 

Obtain a piece of rather thin brass wire about 12 or 15 cm. long 
(10 cm. of brass wire, No. 18 wire gauge, i-:2 mm. diameter, 
weigh almost exactly i gun.), and reduce it to the weight of i gnn., 
by cutting off pieces as above directed. Then straighten it and 
cut it exactly in half (using cutting-pliers or scissors, not a file). 
This will give two pieces each weighing 5 decigrai^mes ; keep one 
of these as a weight, bending it into a 5-sided figure, thus, /n, 
to indicate its, value. Divide the other piece accurately into ' — I 
five equal parts. This may be done by drawing a line equal to it in 
length on a piece of paper, and stepping along this line with a pair 
of compasses ; a few trials will give the proper length of one 
division, ' — ^ ^ ,>1 4 5. Lay down the wire close to the line on 
the paper, and mark each division on it with ink ; then cut it at 
the ist and 3rd divisions. You have now a piece weighing l deci- 
gramme, and two otheis each weighing two decigrammes. Bend 
each of the two latter in the middle to a right angle, thus, f" , to 
indicate its value, but l^avc the i decigiamme straight. You will 
then have all "the necessary decigramme weights, 5, 2, 2, l ; and 
centigramme weights may be made in the same way, a piece of 
thinner wire being taljen. 

6. Pneumatic Troughs. An, earthen ware pan, a large biscuit 
tin, or even a woiden’box (covered with three or four coats of 
good paint) will answer the purpose. The shelf may be made of 
a sheet of tin plate or zinc, about 12 0M4 cm.'wide, and sufficiently 
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long to reach^acro^s the trough. A portion on 4 ich side about 
I cm. bioacf should be bent down, as shewn in fig. 98, to give 
stiffness to the shelf, and a hole about 2 cm. in diameter should 
be cut in the centie. The size of the hole should first be traced 

f 

out with a pair of Compasses, and the metal may then be cut with'* 
a chisel or with the blade of a strong knife struck with a hammer, 
the plate being laid on a piece of board. To suspend this shelf in 
its place in the trough the ends of the strip of tin should be turned 
up and bent ever the rira of the trough. Or., four pieces of sfi'ong 
biass wire may be passed through holes made at the four comers 
of the shelf, and bent up over the rim. Instead of tin plate the 
shelf may be made of wood (well painted), having one or two 
pieces of le.ad nailed on its under side to sink it, and suspended 
by wire hooks. 

Instead of a shelf reaching across the trough, a ‘bpe-hive’ shelf, 
fig. 97, may be used. This is intended to stand on the bottom 
of the bough, the deliveiy tube being introduced into the side- 



97'' Fig. gS. 


opening, and the gas jar being placed over the central aperture. 
Such a shelf may be purchased for a shilling, or less ; but it may 
be easily made out of a common gallipot, or flower-pot saucer. 
The hole in the centre may be pierced by gradually chipping away 
the material with the point of an old three-square file, caie being 
taken that the blows of the hammer arc light. The notch at the 
side may be cut out by chipping or crumbling away the eaithen- 
ware with a pair of pliers. There is, of couise, some chance of 
breaking the pot, but if it is plaired on a folded cloth, and if the 
chipping is carefully and patiently done, the risk is slight. 

Finally, an extempore shelf may be nisTde by placing two bricks 
side by side in the trough, a sufficient interval being left between 
them to admit the delivery tube. 

0 , 7. Supports for Tlasha, Tubes, &c. ,A very useful tripod- 
stand for suirpoi'ting sand-baths, &c., may be made by taking three 
pieces of stout iron wire or thin lod, about 45' cm. long, bending 
them into this form, H, and binding them together by folds of thin 
iron wire, so as to form the^tand represented in fig. 99. 



SUGGESTIONS FOR APPARATUS. 


535 


For small crucibles, a triangle support is extremely u’seful, fig. lOO. 
It is made by taking three bits of tobacco-pipe stem abtJut 6 cm. in 
length, passing through each a piece of iron wire of such a length 
that about 4 cm. piojects at each end of the pipe stem, and then 
twisting together tSese projecting pieces of wire. " It is intended to 
be laid on the ring of a retorf-stand or on the tripod-stand above 
mentioned 




A simple foi-m of holder is represented in fig. loi, next page, 
which maybe constructed by the student himself. The base (12 x 24 
cm.) and the upright (5 x 30 cm.) aie made of deal about 2’5 cm. in 
thickness. The upright is mortised and glued into the base, and has 
a slit about 5 mm. wide cut in it to a distance of 20 c;gi. from the top. 
The ann a is of harder wood, such as birch or beech, and is 3 cm. 
square and 7 cm. long. The screw b is one of the common biass 
thumb-screws s’cld by ironmongers ; a hole is bored in the arm a 
to receive it, and its nut is inserted in a small mortise cut in the 
arm about 2 cm. from the end. The screw passes through a collai 
(for which a small bi'ass or iion pulley answeis well) on the other 
side of the upright, and by tightening it the arm may be secured 
at any height. At the other end of the arm a saw-cut is made 
in which aie placed two strips of stout tin or brass plate about 
12x3 cm., firmly secured by the’two screws shewn in the figure. 
The outer ends of these strips are curved so as to grasp a tube 
or a retort, and, their grip is tightened by slipping outwards the 
ling c. This latter is a common curtain ring 2-5 cm. in diameter 
carefully flattened into the shape of an elongated ellipse. 

8, 9 . Gas-burners. " It will be best to obtain at starting a fish- 


* Such a triangle is also very useful for supporting a funnel, containing 
a filter, over a beaker. For this purpose a piece^of thin board, about 
6x12 cm., with a hole in the middle, will aiSwer equally well. 
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burner’ with fish-tail nipple, which may be procured from any gas- 
fitter. A stop-cock need not necessaiily be fitted to it, since the 
stop-cock of the supply pipe will regulate the current of gas. 

A Blowpipe Burner, of the form of fig. 6 b (p. 6), may be 
made of a piece of brass tubing about l cm. in diameter and 5 cm. 
in length, having one extremity cut obliquely and flattened in 
a vice. The flattening should not be carried so far as to close 
the opening, but a narrow slit about mm. in width should be 
left. This tube may then be fitted over the fish-ruril nipple by an 
india-rubber connector. 

A Bunsen’s Burner may be made, a% shewn in fig. 102, by 
placing over the fish-tail nipplg a tube of glass or brass open at 
both ends, about 1-5 cm. in internal diameter' and 12 or 14 cm. in 
length, secured in its right position by two wedges of cork or soft 
wood. Plenty of ibom should be left for air to enter at the lower 
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end, and the tulls should be laised or lowered ^ little, until a non- 
luminous flame is obtained. A tube of brass is, of cours’e, the best, 
but a piece of ‘composition’ (lead and tin) gas tubing will answer. 
Instead of leaving^ air-space at the bottom of the tube, it may be 
fitted close round the burner, and two large notches may be filed, 
one on each side, at such a height that, when the tube is fixed in 
its place, the topof ^^he fish-tail jet may be i mm. below the highest 
part of the notch". 

A test-tube, the closed extremity of which has bten cut off, 
makes a very useful burner; the only drawback being that the 
flame is slightly coloured by the sodium of the glass, and that 
the top is likely to crack. This may be obviated by fitting over the 
top of the tube a short metallic ferrule, made by wrapping a strip 
of thin brass or tin plate, about 3 cm. bioad, round a cylindiical 
rod a little smaller than the burner itself. The strip should be of 
such a length that its ends overlap each other, and the joint need 
not then be soldered. The elasticity of the metal will keep it in its 
place, when it is fitted over the end of the glass tube burner. 

A still simpler form of burner may be m£(de as follows. The gas- 
jet is formed by flattening one extremity qf a shoit elbow tube, as 
in making the blowpipe bttiner, until a narrow slit remains. Over 
this is fitted a test-tube, as above described, by wedges of cork, 
and the elbow tube is fitted into a notch cut 1*1 a laige cork. 
This latter is fitted over the beak of an inveited funnel which 
serves as the bg.se. 

A Ring-burner, which will serve the purpose of an Argand 
burner, is repiesented in fig. 103. It is nothing more 
than a flat, hollow, brass dooi- or cupboard-handle, 
about 4 cm. in diameter, round which eight or ten 
small nicks have been cut with a file, through which 
the gas issues. The hole into which the axis of the 
latch fitted should be enlarged with a rat-tail file and 
with a broach (for which latter the tapering end of 
a screw-driver will serv,^), until the cylindrical part 
of the fish-tail nipple will just enter it. ^° 3 ’ 

12 . A Sand-bath may be made by turning up the 
edges of a piece of tjn plate about 16 cm. square, so as to form 
a shallow tray 2 cm. in depth. The shallow tin ‘ pastry-pans ’ sold 
by ironmongers answer very well. , 

A "Water-bath, which is often convenient and sometimes neces- 
sary for evaporations at a gentle heat, jjiay bemade of a saucepan 
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or a short tifi canister, in the lid of which a hfile is cut rather 
smallei in diameter than the evaporating dish. A glue-pot makes 
an excellent water-bath. The bath should be about half filled with 
water, which must be kept gently boiling over a lamp; the dish 
containing the solution to be evapoiated is placed in the opening 
of the lid, so as to be exposed to the' heat of the steam. 

A beaker will answer the purpose fairly, the dish being placed 
upon it, and slightly raised at one part by intei poking a bit of wire 
or a splinteinof rvood, so .as to allow fiee exjt for the steam. '' 

14. A Mouth Blowpipe, made of glass, is represented in 
fig, 104. A good sound cork is selected, a hole is bored two-thirds 



Fig. 104 

of the way through it, and another hole is then bored in the side to 
meet the first. Into this latter hole is fitted a short jet of difficultly- 
fusible glass tubing, and into the other hole rs fitted a piece of glass 
tube about 20 cm. in length. A bulb may be blown on this latter 
tube near its lower end, to sei-ve as a reservoir for condensing the 
moisture of the bieath. '■ 

17. For a Cork-borer the tube of a steel pen-holder will answ'er 
pretty well, but it is hardly strong enough to last very long. Holes 
may be made in coiks by means of the rat-tail file alone, the latter- 
being worked into the cork like a gimlet. As, however, the file 
does not cut through, but pushes aside the particles of cork, there 
is some risk of splitting the cork. 

21. A Deflagrating Cup may be made of the bowl of a tobacco- 

pipe, partly filled up with plaster of Paris (for .the method of using 
this, see p, 448), in order to reduce its dipth. A piece of copper 
wire should be twisted round the bow], and the end bent up and 
passed through a large cork, or bung. Instead of a tobacco-pipe 
bowl, a small block of chalk or of plaster -of Paris, hollowed into 
a cup, may be used. • 

22. A Deflagrating Jar, which answers the purpose well, may 
be made by cutting pff the bottom of a large wide-mouthed glass 
bottle. This is best done'iSy leading a crack round it by means of 
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a piece of heated ^lass (p. 43). The ciack shouj^ be Begun at the 
edge, the red-hot glass being pressed against it for a sTioit time, 
and then a diop of water applied. There is generally some little 
difficulty in inducin^r the crack to follow the heated glass evenly, 
ovUng to the irregular thickness of the glass near the bottom of the 
bottle, and the craclc should never be left to itself for any tune, 
lest it should extend^ itself in a wrong direction. A bottle may 
often be found which is thinnest where it should be strongest, vis. 
at the angle formed by the sides and the bottom. In this case the 
bottom may generally be detached evenly by a sharp blow of an 
iron rod introduced through the neck of the bottle. 

The edges of the glass should be roughened with a file, and it 
is advisable, though not necessary, to grind them level upon a flat 
paving stone with the assistance of a little fine shaip sand, or 
emeiy, and water. The jar should be rubbed on the stone with 
circular strokes, not backwards and forwards, or the edges are 
likely to chip away. 

24. Veiy useful Gt-aa Jars may also be made out of bottles ; 
the necks being cut off in the manner above described. For most 
purposes, however, tall tvide-mouthed bottles will answer without 
alteration. The small bottles, about 14x5 cm, m which quinine 
IS sold, are particularly suitable for e.xperiments ; but gases should 
not be exploded in them. » 

26. Instead of the stoneware Trays for Gas Jars, common 
saucers may be ijf ed. 

28. Florence Flasks will answer almost every purpose for which 
flasks are required. Their necks are rather narrow for a cork in 
which two tubes have to be fitted ; the latter must be of small 
diameter, and the holes in the cork made with extra care. For 
preparing gases which are evolved without the necessity of applying 
heat, such as hydrogen and carbon dioxide, wide-mouthed bottles 
will answer quite as well as flasks..^ 

37. Thistle Funnels. In place of these, ordinary funnels, 
attached to long pieces of glass tubing by india-rubber connectors, 
may be used. The connectors, however, will be slowly acted on 
if strong acids are brought in contact with them. 

43. A simple form o^ Spirit Lamp is represented in fig. 105, 
next page. A cork is fitted to a wide-mouthed bottle, and a bit of 
glass tubing about 6 ttim. in internal diameter and 8 cm. in length, 
passed through a hole bored in the cork, serves as the wick- 
holder. A smaU nick should be cut in tii,e loweV part of the side 
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of the cork to adipiit air, otherwise the spirit wifi not rise readily. 
A short wide test-tube is fitted over the cork as a cap, to pi event 
evaporation of the spiiit when the lamp is not in use. 

46 . Flasks, and Retorts, the necks of 
which aie broken, may be converted into 
evaporating dishes by leading a crack down 
from the broken part tp within 5 or 6 cm. 
from the bottom, and then Continuing it hori- 
zontally round the fkisk. A capsule about 5 
cm. deep will thus be obtained, which will 
serve as well as, or even better than, a por- 
celain dish for evapoiations, but cannot be 
used for ignitions. A clean iron spoon, not 
tinned, will often serve for the latter purpose. 

48 . A Drying Tube mayebe made out of 
a piece of glass tubing about 1-5 cm. in dia- 
meter and 15 01 20 cm. in length : a test-tube, 
if of stout glass, will answer the purpose, the 
closed end being drawn out to an external 
diameter of about 4 or 5 mm., so that an 
india-rubber connector will pass over it. The mouth of the tube 
may be then fitted with a cork and short piece of tubing as in 
fig. 23, p, 13 . •'If a larger drying tube is required, a long, narrow 
paraffin-lamp-glass will answer well. If it is desired to use frag- 
ments of pumice soaked in hydrogen sulphate jn order to dry 
a gas, the above form of diying tube cannot be used, as the acid 
which drains away would soon destroy the cork. A U-shaped 
tube must be obtained, or a tube such as is shown in fig. 106, may 
be made without much difficulty. A test-tube of thick glass is 
selected, about 2 x 20 cm. A poition of the glass about 3 cm. from 
the closed end is moderately heated all round, and then a pointed 
blowpipe-flame is directed upog one spot. The softened portion 
of the glass is forced inwards, by touching it with a piece of iron 
wire, so as to form a projection in therinterior, reaching nearly to 
the centre. Two other similar projections are made by heating and 
pushing inwards other portions of the circumference, at the same 
distance from the closed end of the tub„e. Finally, the tube is 
annealed with especial care, ^ the projections and the adjacent 
portions of the tube being heated again "-untih the glass just begins 
to soften, and then cooled very slowly. A cork is now adapted to 
the tube, and fitted with jjfvo elbow tubes of small diameter, the one 
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having each of i'i^s branches about 6 or 8 cm. in length, the other 
having one branch about 6 cm. in length, and> the ottier branch 
sufficiently long to reach, when the cork is fitted into its place, 
nearly to the bottom of the test- 
tube, passing betv'een two of the 
piojections. t 

In order to fill the tube, the cork 
should be loosened Dnd raised just 
so far fss to admit of its being turned 
half round and then rested on the 
rim of the tube. There will now 
be sufficient room left by the side 
of the cork to introduce, first four 
or five pieces of pumice rather larger 
than peas, which will rest upon the 
ledge formed ty the piojections, 
and then a quantity of smaller bits 
of pumice, until the tube is nearly 
full. Finally, a little concentrated 
hydrogen sulphate should be poured 
in thiough a funnel (care being 
taken not to wet the mouth of the 
tube), and the cork turned round 
again and gently pressed into its 
place. The acid will, as it descends, 
moisten the pifhiice, and any ex- 
cess will collect at the bottom of 
the tube, and may be withdrawn by blowing through the shoit 
elbow tube, which will cause the acid to rise through the long tube. 

One advantage of this form of drying tube is, that the pumice 
can be easily drenched with fresh acid, and the excess of acid 
withdrawn, without removing the pumice from the tube. More- 
over, any number of these tube? can be arranged in an ordinary 
test-tube-stand, if required, or clustered together and held by india- 
rubber bands. K short wide-mouthed bottle forms a good support 
for a single tube, the latter being passed' through a large hole in 
the coik. 

70 . Gas Blowpipe’s. The best form of poitable blower is un- 
doubtedly that lately brought outnby Mr, Fletcher, of WaiTington, 
which is represented in fig. 107, next page. In this, a piece of 
sheet india-rubber is stretched over a round disc containing a 
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valve, screwed upon the top of the feeder ; thi^ sheet, when ex- 
panded to a heraifphere by blowing in air, forms the reservoir, and 
by its elasticity supplies the requisite pressure. 

A similar blower may be made out of a common pair of bellows ; 
the nozzle being, stopped up, and two or three- holes made in tlje 
centre of the upper board and covered with a flap of leather, nailed 
along one edge only, so as to act as a valve. Upon the upper 
board of the bellows should be fitted (by screfivs ^ind glue) a thick 
wooden rin^, having a groove cut in its rim as if for a puUey, but 
close to the upper edge. Just below this groove a hole should be 
boied in the direction of a radius of the ring, to foim an outlet for 
the compressed air ; a bit of brass tube should be fitted tightly into 
it, with which india-rubber tubing may be connected, as in the 
figure. A circular piece of vulcanised sheet india-rubber' about 



Fig. 107. 
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I mm. thick should be laid on the wooden ring, and its edge 
secured air-tight in the gioove by folds of wire a>- string. It will 
be advisable to place a net, or a calico bag, over the reservoir, 
and secure it also in the gioove, so as to pievent the india-rubber 
expanding beyond a hemisphere and bursting. The bellows should 
be screwed to a base-board, one end being slightly tilted up by 
fixing a piece of wood under it, so as to allow air to enter the 
lower valve. A couple of shaped springs of thick brass or 
iion wile should be fitted, one^on each side of the bellows, in 
order to keep the upper board raised except when pressed upon 
by the foot. r 


' If there is any difficulty in procuring india-rubber sheet, a large bladder 
may be cut in half, and one hemisphere of it inaj be secured by its edge in 
the groove as above described. Iiy. order to obtain the pressure, a couple 
of large india-rubber rings may be stretched across if, at right angles to one 
another, between n.iils or hooks driven in on opposite sides of the wooden 
ring ; these will keep^it flat until air is blown into it. 
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The blowpipe for use with this blower may be .made out of 
a brass y-piece kted with an internal glass jeJ, as described just 
below. 

A very cheap and simple gas blowpipe is repiesented in fig. 108. 



Fig. 1 08. 


The air reservoir is a bladder, round which a large and strong 
india-rubber ring is placed to give it elasticity’. The air is supplied 
at intervals from the lungs througb the tube a, at the other end of 


’ A bladder, when allowed.,to dry, loses most of its pliability. To keep 
it moist and fit fqr use, it should be rubbed over with some glycerine, 
diluted with an equal bulk of water (a few drops of carbolic acid being 
added, to prevent putrefaction), a little of the liquid beiug also poured into 
the interior. 

Another method of preserving a bladder is to allow it to dry in a dis- 
tended state, and then to rub over it .•> rng dipped in sweet oil, a little oil 
being also poured insiole. 17 the bladder is now twisted and worked in nil 
directions between the hands, it will become peimanently pliable, and will 
not have the unpleasant smell of a moist bladder. 
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which is a v^lve to prevent the return of the aji". This valve is 
representefl in full (size at b, and is thus constructed. A cork about 
I’S cm. in diameter is selected and a hole bored through it, into 
■which the tube a is fitted so that its extremity may be just level 
with the surfacc,.of the cork. Across the end of the cork is lai,d 
a strip of oiled silk (oilskin) about rl cm. or rather less in breadth, 
and its ends aie turned down on each side of the cork and secured 
by an india-rubber ring, or folds of thread/: X.l’e mouth of the 
bladder is closed by a cork about 3 cm. in diameter througlj, which 
two holes are pierced ; into one the tube (/is fitted ; into the other 
a short tube c, bent to an obtuse angle, and terminating in a jet. 
Over this jet is fitted by a cork a common ‘ three-eighths T-piece ’ 
(which may be obtained from any gas-fitter) ; and to the side- 
branch of this latter is adapted a short piece of glass (or, better, 
brass) tubing, to be connected with the gas supply. The valve 
having been fitted to the tube a, the cork is placfed in the neck 
of the bladder, and tightly secured by seveial folds of string ; the 
whole may then be supported in a Bunsen’s holder, and the gas 
turned on and lighted at the open end of the T -piece. On blowing 
into the tube a the bladder will become distended with air, which 
will be forced out through the jet by the elasticity of the india- 
rubber ring. A very good and fairly uniform brush-flame may be 
thus obtained, quite hot enough for most glass-blowing operations. 
Moreover, witlT a small air-jet, a low pressure of air, and a limited 
supply of gas, a well-defined pointed flame may be formed, which 
answers well for analytical blowpipe operations. The air-jet should 
not, in any case, be made larger than i mm. in diameter, otherwise 
the labour of supplying air from the lungs becomes considerable. 
An obvious expedient for avoiding this labour is, to connect the 
tube « by a long piece of india-rubber tubing with the nozzle of a 
common pair of bellows ; the latter being fixed in a frame or box 
and placed on the floor. The upper board of the bellows may be 
kept raised by a spring (or by ftn india-rubber band, attached to 
the frame) and pressed down by the foot. 

The gas should not be left burning at the end of the T-piece 
longer than is required, since the latter will get very hot, and the 
cork may be loosened. Indeed it is decidedly better to have 
a brass jet screwed in ; but this will add to the expense. The 
materials for such a blowpipe ns is above described will not cost 
more than is. 6d. ' «i ^ 

In order to get the full effect of the very high temperature of the 
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blowpipe-flame, is necessary to surround it with’ a casing or 
furnace of fii e-clay, to prevent 
loss of heat by radiation, A very 
convenient gas-furnaoe of this 
Wnd is shown iiJ fig. 109, in 
which a temperature fully suffi- 
cient for all ordinary chemical 
operations, such as decomposition 
of silicates (p. 31 1), &c.,^and even 
for melting iion and steel can be 
readily obtained and kept up. 

As a substitute, a few bricks, or lumps of pumice or coke can be 
easily arranged so -as to form a cavity in which the crucible should 
be placed, and into which the flame of the blowpipe should be 
directed. 

110 . A Betort and Beoewer for distillations on a small scale 
are represented in fig. no. 

The retort is a very small 
flask, or a test-tube having 
its lower end expanded into 
a bulb. This is connected 
by an india-rubber joint with 
a tube nearly as large as the 
neck of the flask or test- 
tube, which is drawn out to 
a diameter of z or 3 mm. 
and a length of 15 cm. or 
more, and then bent to an 
acute angle near the com- 
mencement of the drawn- 
out portion. The receiver 
is a test-tube, fitted with 
a cork through which the 
drawn-out portion of the 
connecting tube passes, 
reaching nearly to the closed 
end of the test-tube. The 
cork should have several 
nicks in it, to affordi escape 



Fig. no. 


for uncondensable vapours, and the receiver may be placed in an 
evaporating dish filled with cold water, or snow.. Nitrogen tetroxide 
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may be readSly condensed in such an apparat/is, but the tube 
should be fitted to'* the flask by a plug of asbestos mixed up with 
plastci of Palis, on account of the corrosiveness of the vapour. 



denser,’ as shown ill fig. III. 

It consists of a long straight tube surrounded by a wider tube ; 
in the space between the two a stream of cold water is kept con- 
stantly flowing. 

Such a condenser may be easily made out of a long cylindiical 
lamp-glass, having corks fitted tightly to its ends. In the middle 
of each cmk a hole should be bored, into which ^should be fitted 
a piece of gla.ss tubing about i cm. in diameter, or rather less. 
One end of this should pioject 3 oi 4 cm. beyond the cork, and 
the beak of the retort should be connected with it by a ferule 
of india-rubber tubing secured with string The other end of 
the tube may project 10 or 12 cm. beyond the coik, and enter the 
receiver. 

Into the corks should also be ^tted small tubes bent as shewn 
in the engraving. The end of the lower one, a, should be con- 
nected by an india-rubber tube, with p, inch-cock, to a large jug 
or bottle of cold water, placed on a higher level''(tlie bottle with 
siphon arrangement shewn in fig. 115, p. 549, will do very well). 

If stioiig acids are to be distilled, it is better to make the beak of the 
retort enter the condensing tube a Httle way ; the end of the latter being 
bordered and expanded by the method cxplaineK on 44 The beak of the 
retort may be diawn out slightly until, when a fenile of india-iuhber tubing 
is fitted over it, it will just fit tightly into its place. 
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Under tlie end o 5 the other tube, i, a jug sliould^be placed, to catch 
the M'aste warm water, or the water may be led off at once into 
tire sink. 

A Screw Pineh-coek, which serves to check or stop the flow of 
•1 gas or liquid through india-rubber tubes, may be made by cutting 
out two strips of stout tin plate about 6x1-5 cm., turning over a 
narrow portion on ^ach side, to give 
additional stiffn?;ss, boring a hole at 
each ehd (which may he done with a 
bradawl driven through by a hammer), 
and connecting the two strips by a 
couple of the small nuts and sciews 
used for holding’ papers or letters 
together, which may be procured from 
a stationer’s.. Fig. 112 shows a 
pinch-cock thus made. Strips of hard wood, such as beech or bo,v, 
may be used instead of the strips of tin. 

Gas Apparatus. For preparing small quantities of such gases 
as oxygen or ethylene, a large test-tube may be used, fitted with 
a cork and delivery- 
tube as shown in fig. 

1 13. Gases requiring 
no heat in their prepa- 
ration, such as hydro- 
gen, may be inside in 
ordinary wide-mouthed 
bottles, fitted with cork, 
thistle-funnel, and de- 
livery tube. A conve- 
nient apparatus for ob- 
taining a constant 
stream of a gas, such , Fig. 113. 

as hydrogen sulphide, 

which may be generated v.dtlrout the application of heat, is repre- 
sented in fig. 1 14, next page. A paraffin-lainp-glass (one of those 
which bulge out near the middle) is obtained, and a cork is fitted 
to its lower extremity. , In this cork five or six holes are bored, and 
before being finally fitted into its place it is thoroughly saturated 
with wax Or paraffin,'to pJotect it from the action of acids Some 

' This may be done by placing it for several minutes in n dish containing 
some paraffin or wax heated a little above its'’kielting-point over a lamp. 

N n 2 




Fig. 112, 
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lumps of iron siilpjjide are placed in the glass, find a cork with 
a shott elbow tube is fitted into the upper end of the glass, a piece 

of India - rubber tubing, 
cariying, a screw pinch- 
cock, being adapted to the 
outer end of the elbow 
tube. j,The glass is now 
lowered into a tall wide- 
mo-ithed bottle or jar (the 
pinch-cock being closed), 
and the latter is filled 
nearly to the neck with 
common hydrogen chlo- 
ride, pieviously diluted 
with twice^ its bulk of 
water, and allowed to cool. 
When the pinch-cock is 
opened, the acid will rise 
through the holes in the 
cork, and will act upon 
the iron sulphide, causing 
an evolution of hydrogen 
sulphide, which may bo led 
into a flask or tube, as 
^ * 4 ' required. When the pinch- 

cock is closed, the gas 
collects in the glass, and finally drives the acid back into the outer 
bottle; the evolution of gas ceasing when the acid is withdrawn 
from contact with the iron sulphide. The lamp-glass should be 
retained in its place in the bottle by being passed through a bung 
fitted into the neck of the latter, and having one or two nicks cut 
in it to admit air. The same form of apparatus will, of couise, 
serve for other gases, such as hydrogen or carbon dioxide. 

A simple form of gas-holder, which <iTiay be easily constructed 
and will be found very useful, is represented in fig. 115. The 
bottles used are those which are known by the name of ‘ Win- 
chester quarts,’ and which may be piocwed from any chemist. 
A cork is adapted to one of the bottles. A, and fitted with two 
elbow tubes, the one, c, having both its btancKes about 8 or 10 cm. 
long, the other, d, having one branch long enough to reach to the 
bottom of the bottle. ArT elbow tube, e, similar to this latter is 
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fitted to the other bottle, B, by a cork which hL a ni^k cut along it, 
so as to admit air. The two tubes last mentioirpd, d an^ e, aie con- 
nected by a piece of india- 
rubber tubing about 40 or 
.,50 cm. inijength,v'8ver which 
is slippedascrew pinch-cock, o 
A piece of india - rubber 
tubing, also carrying a pinch- 
cock„is connected with the 
short elbow tube, c. All the 
connections must be made 
tight by folds of stringer wire. 

In order to use the appara- 
tus, the bottle, A, is com- 
pletely filled with water, the 
cork with the two elbow 
tubes being temporarily with- 
drawn. The india-rubber 
tube attached to the short el- 
'bow tube, c, is then connected 
with the delivery tube of the 
gas-generating flask, and gas 
is passed into the bottle, both 
pinch-cocks being opened. 

The gas displaces the water Fig. 115. 

in the bottle, ^vhich passes 

over into the other bottle, B; the latter being supported at such 
a height that there may never be more than a slight difference in 
level between the water in the two bottles, but that the gas may 
always pass in under slight piessure. When the first bottle is full 
of gas, both pinch-cocks should be closed, and the generating flask 
should be at once disconnected from the apparatus. If, now, 
a constant stream of gas is required, e.g. for buraing at a jet, the 
bottle B (now full of water) should be placed on a stand or shelf, 
as shown in the figure, "^t such a height that its bottom may be 
a little above’ the level of the heck of the other bottle. If the 
pinch-cock on the tube connecting the two bottles is now opened, 
water will flow from ^the upper into the lower one, and will exert 
a pressure on the gas contained vn the latter. It will then only be 
necessary to open the’ other"' pinch-cock cautiously, in order to » 
obtain a regular stream of gas. 
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I. 

PREPARATION OF NORMAL SOLUTIONS OF REAGENTS. 

It is intended that these solutions shall be madeof such a strengtli 
that volumes which bear a simple relation to each other may con- 
tain weights of the different substances which correspond to the 
weights indicated by their chemical formulae, i. e. to the weights of 
their molecules. 

There is no e.rtra trouble and thcic are veiy obvious advantages 
in adopting such a system in place of the usual one of dissolving 
I pait of the substance in lo or 15 parts of water without stiict 
leference to its molecular weight. It is clear that on the latter 
ivill depend the amount of chemical work which a given weight of 
the substance can do ; and it would be wrong, or at least wasteful, 
to take for a solution the same weight of a sodium salt as of 
the corresponding potassium salt, when much less of the former 
than of the latter is leqmred to effect a given amoGnt of chemical 
change. 

lly cairying out the above principle the reactions between 
measured volumes of solutions become almost as simple as those 
between measured volumes of gases. For example, suppose that 
a little ammonium acetate is required for an experiment, such as 
expt. 3, p. 348. The reaction which occurs between ammonium 
hydrate and hydrogen acetate is expressed by the following equa- 
tion : — 

(H,N) HO + C,HiOa = (HiN)C'rH»Oa + HjO 
From this we learn that one molecule of each substance is re- 
quired for the combination ; thus, 35 hydrogen-atom-weights of 
ammonium hydiate, and 60 hydrogen-atom-'iveights of hydrogen 
acetate, or, at any rate, weights ^aeaimg that proportion to each 
•' other, must be taken ; for instance, 35 centigi-ammes of ammo- 
nium hydrate, and 60 centigrammes of hydrogen acetate. If, then, 
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the ordinary laboratory solutions of these substance^ are so made 
that 5 of them contain the above weigl:its, the ammonium 
acetate can be made at once by simply mixing equal volumes of 
the solutions. 

It has been fouhd most convenient to take tlr? centigramme as 
the practical unit of weight, corresponding to the hydrogen- atom- 
weight, which is, of course, a small but definite fraction of it ; and 
the weights indicathd by the formulae printed in italics are to 
be understood to mean centigi'ammes, instead of hydrogen-atom- 
weights, as usual. Thus {Hi jV)^ C O, expresses a \\ eight of g 6 
centigrammes of ammonium carbonate, and C 0 .^ in 5 c.c.' 

means that 5 c.c. of the solution contain 96 centigrammes of 
the salt. 1 

[Reagents, even though procured, as they ought to be, from a trustworthy 
chemist, are liable to contain impurities ; and before use they should be 
invariably tested with care, and rejected at once (at least foi analytical 
purposes) if found impure '. 

The moie usual impurities are mentioned in conuection with each sub- 
stance, together with simple tests for detecting them. 

In the following directions, although 100 c.c. is mentioned in all eases, yet 
it will be well to prepaie five or ten times this quantity of some solutious, 
such as dilute hydrogen sulphate, which are constantly required.] 

1 . Ammonium Carbonate ((ifijTVjj C in 5 c.c.). Dissolve 
17 gnns. of the pure white sublimed salt in 75 c.c. af distilled water, 
add 15 c.c. of solution of ammonium hydrate (sp. gr. 0-96)’, place 
the solution in-, a measure, aud add moie watei until the whole 
measures too c.c. 

The salt often contains ammonium chloride and sulphate, and 
also iron chloride. If either of the two latter are present the salt 
is unfit for use, and another sample should be obtained. 

(«) Heat a small piece of it on perfectly clean platinum foil over 
a Bunsen’s burner. It should volatilise entirely. 

(i) Add to a portion of the solution in a test-tube a diop of 
ammonium sulphide. If the solution becomes dark, or if a black 
precipitate is formed, iron is probably present. 

(r) Add to ahother portion of the solution puie dilute hydiogen 


* In most cases, wherh the quantity purchased is small, it ivill probably 
be best to exchange it for a pure saipplc, and not to attempt to purify it 
yourself. o , 

“ Instead of this, 5 c.c. of the strongest solution (‘Liq. Amnion, fortiss.,’ 
sp. gr. 0,88), may be used, if at hand. 
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nitrate, droprby drop, until no further effervesi^ence occurs and 
a drop of tire liquid placed on blue litmits-paper turns it decidedly 
red : then add a drop of solution of baiium chloride. If a cloudiness 
is pjoduced, a sulphate is probably present. 

{d) Acidify another portion with hydrogen nitrate, ac in c, and 
add a drop of solution of silver nitrate. If a cloudiness is produced, 
a chloride is probably pi'esent. 

2 . Ammonium Chloride Cl in 5'^c.ci'). Dissolve 10.7 

guns, of th| pure salt in to c.c. of water^ and dilute witk water 
to 100 c.c. 

The salt may contain ammonium sulphate and iron chloride. 
It should be tested in the same manner as the caibonate (with 
the omission of expt. d), and rejected, except fonimaking ammonia, 
if found impure. Both these impurities may be removed by 
recrystallisation. 

3 . Ammonium Hydrate ( N) ff 0 in ^ c.c.). Dilute 50 c.c. 
of solution of ammonia (sp. gr. 0-96, containing 7 gi-ms. of ammo- 
nium hydrate in too c.c.) with water to 100 c.c. 

If the concentrated solution (sp. gr. 0-88) is at hand, 20 c.c. of 
it may be diluted with water to too c.c, ^ 

The solution should leave no residue on evaporation at a tem- 
peiatuie not much above 100°, and should give little or no 
precipitate on addition of an equal volume of lime water. 

4 . Ammonium Molybdate ( (Ji^^ N) H Mo 0 , in 30 c.c.). Dis- 
solve 6 grms. of the salt in 20 c.c. of solution of ammonium 
hydrate (sp, gr, 0-96) by a gentle heat ; pour the” solution slowly, 
with constant stirring, into 60 c.c. of dilute hydrogen nitrate 
(equal volumes of the strong acid and water) ; dilute it to loo c.c. 
and allow it to stand for at least a day before filtering it, in order 
that any tiaces of ammonium phospho-molybdate may separate. 

The solution should contain so large an excess of acid that 
little or no precipitate (of molybdic acid) forms when it is heated 
to boiling. 

6. Ammonium Oxalate ( {H^ N)^ O4 in 5 c.c.). Dissolve 
2-84 grms. of the salt in 60 c.c. of water, and dilute^to loo c.c. 


1 Since the strength of solution of ammonia is liable to vary, owing to 
the volatility of the substance, it will be best to sbe whether the solution is 
of approximately the right strength by putting 10 c,c, of it into a test-tube, 
adding a drop or two of solution of Htmus, ifjd sebing whether 5 c.c. of 
dilute hydrogen sulphate ( 20 ) are sufficient to neutralise it. It should be 
made lather too strong than too weak, since it loses strength on keeping. 
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6. Ammoniup Stdpl^da ( {H^lSPi^S in 5 c.c.). « The solution 
usually sold varies in strength, but may geneiMly be diluted with 
three times its bulk of water for use. 

It may be easily prepared by saturating 50 c.c. of solution of 
’ummoniu® hydrffte (sp. gr. 0-96) with hydrogennsulphide (p. 275), 
and then adding 50 c.c. of the’same solution of ammonium hydrate. 

The solution is colourless at first, but soon becomes yellow, * 
owing to the fomna'fion of ammonium polysulphides. It still, how- 
ever, nemains fit for use in analysis for some time but when if 
begins to deposit sul^iur, turning colourless again, it should be 
thrown away. 

The solution is liable to contain a sulphate, and possibly a cal- 
cium salt. Test tine portion for a sulphate with a drop of solution 
of barium chloride, and another portion for a calcium salt with 
solution of anjmonium oxalate. No precipitate should be produced 
in cither case. 

7 . Barium Chloride (BaCI^ in 50 c.c.). Dissolve 5 giuns. of 
the crystallised salt [Ba CIq, H.,_ 0 ) in 80 c.c. of water, and dilute 
to 100 c.c. 

The purity of the salt may be tested as follows. Place about 
5 c.c. of the solution in a test-tube, heat it nearly to boiling, and 
add a slight excess of dilute hydrogen sulphate. While the pre- 
cipitate of barium sulphate is subsiding, get ready ajilter (of Swedish 
paper), wash it two ox three times with warm water, then filter off 
the barium sulphate and evaporate the filtrate to dryness on a clean 
watch-glass. Jlo solid residue should be left. 

The test will not, however, serve to show whether lead is 
present, as it frequently is. Its presence may be suspected if the 
solution becomes dark in colour when mixed with some solution 
of hydrogen sulphide, 

8 . Calcium Chloride {Ca Cl^ in 10 c.c.). Dissolve ll-I grms. 
of the dry salt (or 22 grms. of the ciystallised salt) in 80 c.c. of 
water, and dilute to 100 c.c. * 

The salt often contains iron perchloride, from which it may be 
purified by crystallisation from ^ small quantity of water. The 
solution should be quite neutral to test-paper, and should not 
become dark coloured, or give a precipitate, when a drop of solution 
of ammonium sulphide is added. 

0 . Calcium Hyjiratp in 540 c.c.). For the method ^ 

of making this solution, see p. 66. 

10 . Calcium Sulphate {CaSOi\j^ 500 c»c.). This solution 
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should be mf.de in the same manner as- that of ^alcium hydrate, 
about 5 grtns. of the best plaster of Pafis being shaken up with 
200 c.c. of water, and allowed to stand foi a day or two, with 
occasional shaking, before being filtered. 

11 . CMorme, Solution of. for preparing Ibis, an'' apparatus 
similar to that used for prepaiing Solution of hydrogen sulphide 
(p. 275) should be set up. The small wash-bottle is necessary in 
this case, to retain hydrogen chloride which niay^distil over : the 
pther bottles need not be so large as those used for hydrogen 
sulphide, as less of the solution of chlorine is likely to be wanted, 
and it does not keep well. 

Prepare the gas as already directed (p. 230), and pass it into 
the w.ater until the latter assumes a peiceptMe yellow colour. 
It will be better to stop short of the point of saturation, as a 
comparatively weak solution of chlorine is all that required for 
analytical purposes. It should be kept in a stoppered bottle, pro- 
tected carefully from the light, which causes its decomposition^. 
A good method of piotecting it is, to paste over the bottle two 
or three thicknesses of brown paper, through which, wlien it is 
dry, two narrow slits should be cut on opposite sides of the bottle, 
in order that the quantity of solution contained in the bottle may 
be seen. 

12 . Cobalt Kfitrate (Co (NO^^ in 20 c.c.). Dissolve 7’25 grms. 
of the crys'tallised salt in 40 c.c. of water, aird dilute to 50 c.c. 

13 . Copper Sulphate iCitSOi in 25 c.c.). Dissolve 10-7 grins, 
of the crystaliised salt [CuS 0 iy(H., 0 %] in 80 c.c of water, and 
dilute to too c.c. 

14 . Hydrogen Acetate [HC^ in 5 c.c.). Place 70 c c. of 
the acid sold as ‘Acid. Acet. Fort.’ (sp. gr. = :.04; containing. 
33 psr cent, of hydrogen acetate) in a measure, and dilute with 
water to 100 c.c. [The best and purest acid is the ‘ Glacial Acetic 
Acid’(sp. gr. = i-o65 : containing 84 pei cent, of hydrogen acetate), 
which is solid at 10“ C. (50° F.) : if this is at hand, 18 c.c. of it may 
be put into a measure and diluted with water to too c.c.] It will 
be well to tiy whether 5 c.c. of tips approximately neutralises 5 c.c. 
of solution of ammonium hydrate (No. 3 ). It often contains a 
chloride and a sulphate, but traces of these will not interfere 
with its use in analysis. 

n 

- — ^ ^ ~ ^ ^ _ 

Ihe bottles of deep yellow glass, used in photography, answer I’ery 
well for this purpose. 
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(а) Evaporate ^ portion»of the acid on a watch-glaas. It should 

leave no residue. I >) ■» 

(б) To another poition add three or four drops of dilute hydrogen 

nitiate, and then a drop of solution of silver nitrate. If a cloudiness 
i« produced, a chlcJride is present. 1* 

(r) To another portion add e? drop of, solution of barium chloride. 

If a cloudiness is produced, a sulphate is present. ” 

16 . Hydrogea Ciiloride (JIC/ in i c.c.). The acid of which 
the sp..>gr. is l-lfS is T^ery nearly of the right strength.., It is liable, 
to contain a sulphate, and also iron and arsenic, and must, for 
analytical purposes, be obtained free from these impurities. 

(a) Dilute a portion with three or four times its volume of water, 
and test for a sulphate by solution of barium chloride. 

(i) The piesence of iion is generally indicated by the yellow 
colour of the acid. Add to a portion a drop of hydrogen nitrate, 
and boil the mixture for a few seconds ; then add an equal volume 
of water, and allow it to cool. If the liquid turns red on addition 
of a drop of potassium thiocyanate, iron is present. 

(c) Arsenic must be tested for by Reinsch’s method (p. 371), or 
by Marsh’s method, which may be tried in a test-tube (expt. 5 (a), 

P' 369)- 

16 . Hydrogen Chloride, dilute (JTC/ in 5 c.c.). Place 20 c.c. 
of the strong acid in a measure, and dilute with wa^er to 100 c.c. 

17 . Hydrogen Hitra,te [HNO^ in i c.c.). The acid of which 
the sp. gr. is i'3 is very nearly of the light strength. It is liable to 
contain lower nitrogen oxides, and also a sulphate and a chloride. 

[a) It should leave no residue when evaporated on a watch-glass. 

{b) It should be nearly or quite colourless. If it is yellow, lower 
nitrogen oxides are present. These, however, aie usually found in 
the acid when it has been exposed to light, and do not in general 
interfere with its use in analysis. 

{c) When separate portions are diluted with water and tested 
with solution of barium chloride "hnd silver nitrate, no cloudiness 
should be produced in either case. 

18 . Hydrogep. Hitrate, dUute {HNO^ in 5 c.c.). Place 
20 c.c. of the strong acid in a measure, and dilute it with water to 
too c.c. 

10 . Hydrogen Sulphate {H^SOi in 0-55 c.c.). The add of 
which the sp.gr. is^l-Sqi^is very Searly of the right strength. It ^ 
may contain lead and arsenic, and also a nitrate, and must, for 
analysis, be obtained free from these imj^urities. , 
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(a) Evaporate a few drops on a porceIp.in dish, taking care not to 
inhale the <dense wSiite fumes of the acidi No solid residue should 
be left. 

(i) Dilute a few drops of the acid with 2 or 3 c.c. of water. If 
the mixture becomes turbid, lead is present. ® e , 

(i.-) Dilute 2 or 3 c.c. of tt],e acid With an equal volume of water : 
add Me drop (not more) of indigo sulphate, and boil the mixture. 
If the blue colour of the indigo disappears, a ffitiaf.e is present. 

^ (tl) Arsepic should be tested for as directed in referwice to 
hydrogen chloride (15, p. SS5). 

20. Hydrogen Sulphate, dilute (Af, SO^ in 5 c.c,). Measure 
out 60 c.c. of water into a beaker and add by degrees ii c.c. of 
the stiong acid, stirring the mixture continwally with a glass 
rod. When the liquid is cool, pom it into the measure, and dilute 
to too c.c. 

21. Hydrogen Sulphide, solution of. Directions for making 
this are given on p. 275. The bottle containing the solution should 
be always kept well corked and inverted, with its neck immersed 
in water. 

22. Iron Perchloride (Pe^C/ain 50 c.c.). Dissolve 2'2S grms. 
of fine iron-wire in about 30 c.c. of dilute hydrogen chloride, 
heating the mixture in a small flask and adding a little strong 
hydrogen chloj^ide when the action becomes slow. When all the 
iron is dissolved, pour the solution into a_^porcelain dish, and add 
strong hydrogen nitrate, a few drops at "a time, as long as the 
addition of a drop produces a transient brown colour in the liquid. 
The excess of acid may then be driven off by evapoiating it, on 
a water bath, to a small bulk (not to complete dryness). Finally, 
dilute it with water to too c.c. and filter it. 

23. Iron Protosulphate (PeS' 0 ^ in 50 c.c.). Dissolve S'^grms. 

of the pure green crystals [AkSO,, (fTj 0)7] in 60 c.c. of cold 
water, with addition of about 5 c.c. of dilute hydrogen sulphate, 
and dilute with water to looc.c.*' Owing to the great tendency of 
iron protosalts to absorb oxygen and pass into persalts, the 
solution cannot be pieseiwed unaltered for any length of time, and 
will contain an increasing quaiftity of iron persulphate the longer 
it is kept. This tendency is lessened by the addition of acid as 
above recommended, and also by keeping'a little iron-wire in the 
bottle. If 

Instead of the above, it is a decided advantage to use iron- 
ammonium sulphate [Fe (S 0 ^\, ( 11 , 0 ),] (a salt now 
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easily and cheaply procurable), which shows much leas tendency to 
become oxidised. The solution may be made-jas abo’*e directed, 

8 grms. of the salt being taken. 

24 . Lead. Acetate Oala in 50 C.C.). Dissolve 6-5 grms. 

®f the salt In 80 c.c. of water, with the addition oSone or two drops 
of hydrogen acetate, and dilutd to ioop.c. 

26 . Litmus, solution o£ This may be bought ready made ; '' 
but it is best to* bu^ a little of the solid, and boil 2 or 3 grms. of 
it (previously powderec^) with iioc.c. of water, and filler the deep 
blue solution obtained. This may be kept for a long time unaltered, 
if two or three drops of carbon disulphide aie added, and a little 
powdered chalk. 

26 . MLagneaiufii Sulphate .S’ f?, in 50 C.C.). Dissolve 5 grms. 
of the salt in go c.c. of water, and dilute to 100 c.c. 

27 . Maroufy Parchloride {HgCl.^ in 100 c.c.). Dissolve 3.2 
grms. of the crystallised salt in 80 c.c. of water, and dilute to 
100 c.c. 

28 . Platinum Parohloride {Ft Cl^ in 50 c.c.). A comparatively 

small quantity of this substance will be required, and it will on the 
whole be best to purchase it in the state of solution (3-2 grms. of the 
salt dissolved in 50 c.c. of water). The method of olttaining it 
from platinum scraps and residues (which, however, often con- 
tain iiidium, see note, p. 393) is given in the nei^ section of this 
Appendix. « 

29 . Potasaitun Chromate {K.^CrOi in 50 c.c.). Dissolve 4 grms. 
of the salt in So c.c. of water, and dilute to loo c.c. 

The salt often contains a sulphate, from which it is difficult to 
free it by recrystallisation. This should be tested for by barium 
chloride, after strongly acidifying the solution with hydrogen nitrate 
(to prevent the piecipitation of yellow barium chromate). If 
a sulphate is found, it will be best to prepare the test-solution 
by taking (instead of the chromate) 8 grms. of potassium dichiomate, 
a salt which is usually met with 7 n a much purer condition. 

80 . Potassium Perri5yanid0(A'3Al?(CA^n in 5 ° Dissolve 
6-6 grms. of th» salt in 80 c.c. of ^ater, and dilute to 100 c.c. The 
solution, especially if it has been kept for a month or two, is liable 
to contain traces of jDOtassium ferrocyanide. It should give no 
blue precipitate, but only a brown colouration, when tested with 
a drop of a solution of pure hop perchloiide. 

31 . Potassium Ferrocyanide (IC^Fe[CN)^ in 50 c.c.). Dis- 
solve 8.4 grms. of the salt in 80 c.c. o^water, and dilute to 100 c.c. 
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Potassium ferricyanide is soiuetimcs present assail impuiity,: it 
may be defected bjr adding to a portion^ of the solution a drop of 
solution of silver nitrate. If a reddish-brown and not a white 
precipitate is found, potassium fenicyaiiide is present. The salt 
may easily be puwfied by recry&tallisation. f r t 

32. Potassium Hydrate, (/Ti/O in 5 c.c.). Dissolve ll grms. 
of the substance (which is sold in sticks) in So c.c. of water, laying 
a watch-glass on the mouth of the flask, to pi'evesit absorption of 
carbon dioxj,de from the air. When the soKition is cool, pour it 
into the measuie, and dilute to 100 c.c. ; then b-ansfer it without 
loss of time to a stoppered bottle, which should not be made of 
flint glass. The solution attacks the glass of the bottles in which 
it IS kept, and soon takes up carbon dioxide from' the air. A fresh 
solution should therefore be made from time to time ; and for some 
experiments it will be best to dissolve a small lump of, the substance 
in water and use it at once. 

If any deposit forms in the bottle, it should be separated by 
decantation, not filtration. 

The best potassium hydrate is that which has been purified by 
solution in alcohol (in which most of the impurities, e. j". carbonate, 
are insoluble), the solvent being aftenvards driven off by heat ; but 
this is too expensive to be used in oidinary woik. 

The usual imjjurities are— a carbonate, an aluminate, a silicate, 
a chloiide, and a sulphate, of which the last,two are not important. 
Traces, at any rate, of the three first-mentioned impurities will be 
found in a solution which has been kept some lime*: the carbonate 
derived from the carbon dioxide in the air, the aluminate and 
silicate from the glass of the bottles. 

(a) Add to a portion of the solution pure dilute hydrogen nitrate, 
until a drop of the liquid placed on blue litmus-paper colours it 
decidedly red. No effervescence (or only a slight one) indicative 
of the presence of a carbonate should be produced. 

(li) Test one portion of the soTiition which you have acidified 
with hydrogen nitrate, for a sulphate, by adding a drop of solution 
of barium chloride. , , 

(c) Test another portion of the same solution for a chloride, by 
adding a drop of solution of silver nitrate. 

(d) Mix some of the solution of potassium 'hydrate with an equal 
volume of solution of aminonmni chloride- amj boil the solution. 
If a flocculent, semi-transparent precipitate is formed after a little 
time, an aluminate qr silicat^ is present. 
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88. Potassium Iodide {ICI in 50 c.c.). Dissolvg 3'3 grms. of 
the salt in 80 c.c.*of water| and dilute to 100 c.c,, » 

The salt often contains a little potassium iodate. It should be 
bought in the form of colourless, well-defined cubic crystals. The 
■jolution shfiuld not turn yellow at once when one. or two drops of 
pure dilute hydrogen sulphate are added. 

34 . Potassium Thiocyanate [K CNS in 50 c.c.). Dissolve ' 
2 grms. of the si^lt il» 80 c.c. of water, and dilute to 100 c.c. 

36 . .^Uver K'itrate {AgNO^ in 50 c.c.). Dissolve 3-4 grms. of 
the salt in 80 c.c. of wafer, and dilute to loo c.c. 

80 . Sodium Carbonate {Na^C O^ in 10 c.c.). Dissolve 28.6 
grms. of the pure ciystalhsed salt in 80 c.c. of 

water, and dilute, to 100 c c. [Instead of this, 10 grms. of the 
anhydrous salt may be taken.] 

The salt is liable to contain sodium sulphate and chloride, and 
should, for analytical purposes, be free from these impurities. 

Add to a portion of the solution dilute hydrogen nitrate as long as 
an effervescence occurs, warm the liquid until the caibon dioxide 
is completely expelled, and divide it into two portions. Test one 
portion foi a sulphate by adding a dtop of solution of barium 
chloride, and the other portion for a chloride by adding a drop of 
solution of silver nitrate. No precipitate should be produced in 
either case. ^ 

37 . Sodium-Hydrogen Phosphate {Na^iH P O^ in 50 c.c.). 

Dissolve 7.2 grms. of the salt in 50 c.c. of water, and dilute to 
too c.c. • 

The salt is liable to contain a chloride and a carbonate. These 
impurities should be tested for in the manner described under the 
head of Potassium Hydrate, p. 558. 

38 . Sodium-Hydrogen Tartrate {NaH Oj in 50 c.c.). 
Dissolve 3-8 grins, of the salt in 80 c.c., and dilute to too c.c. 

The solution does not keep for any great length of time, a growth 
of fungus soon appearing m it. When a little of it does not give an 
almost immediate crystalline precipitate on addition of one drop of 
solution of potassium hydrate (see p. 217), it should be thrown 
away. 

39 . Starch, solution of. Heat 100 c.c. of water to boiling in 
a flask or beaker. Wtigb out l grm. of pure white starch, and mix 
it thoroughly with | or ^ c.c. of c»ld water in a test-tube. When 
the water in the flask boils, take' away the lamp, and, as soon as the 
boiling has ceased, pour the starch little by little into the water. 
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shaking after leach addition. The starchtgranules swell and burst, 
their transparent contents being scattered through the liquid, giving 
the appearance of having dissolved in it. Replace the lamp, and 
boil the liquid again for a minute, stirring or shaking it all the 
time : then allowait to cool slightly and filter it but dr not use it 
for testing until it is quite copl. « 

The solution does not keep well, the starch being gradually con- 
verted into dextrine, which gives a brownish vroletccolour with free 
iodine, instead of the characteristic deep blue'formed by staBch. 

The addition, however, of about one-tvventieth of its volume of 
hydrogen acetate seems to preserve it in good condition for at least 
sis months. 

40 . Tin. Protooliloride iSnCU^ in 50 c.c.).f Boil 3 gims. of 
pure tinfoil with 10 c.c. of strong hydrogen chloride until the metal 
is 7 iearly all dissolved ; then dilute the solution with water to 
50 c.c. and filter it into a bottle m which some pieces of granulated 
tin have been placed. 

An excess of the metal should always be kept in the bottle to pre- 
vent the formation of any perchloride, and if the solution becomes 
turbid, 3 or 3 c.c. of strong hydrogen chloiide should be added. 


II. 

RECOVERY OF SILVER, GOLD, AND PLATINUM 
FROM RESIDUES. 


1. Treatment of Silver Eesidues. 

r. 

It has been already recommended (p. 318) that all waste solu- 
tions containing silver should be poured into a stock-bottle kept 
for the purpose, in older that wlcen a sufficient quantity has accu- 
mulated the metal may be recovei'ed from the mixture. The first 
step will be the conversion of any soluble silver salts which may 


' This, although a rather tedious operation fsined the poies of the filter 
soon get clogged) and not necessary for general work, results in a decided 
gain in the sensitiveness of the test. 
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be present into soluble silver chloride, by the addition of a con- 
siderable excess of cQmmjin hydrogen chlorides This,df added in 
sufficient quantity, will even throw down any silver chloride which 
may have dissolved m sodium thiosulphate. It is convenient to 
Iceep somoiof the~acid always in the stock-bottlo, so as to decom- 
pose the silver salts as soon as? they arp put in. The mixture, after 
being wanned in a flask and shaken, should be filtered, and the"' 
precipitate thorsugDly washed, first with dilute hydrogen chloride 
and then with wateri, and finally dried by placing tl}.e filter con^ 
taining it in a porcelain dish on the sand-bath. When it is 
thoroughly dry, it must be shaken out of the filter, and mixed in 
a mortar with twice its weight of dried sodium carbonate and one- 
tenth its weight of potassium nitrate, some borax being also added 
to act as a flux. While the mixture is being made, a common 
Coinisli clay crucible, about 12 or 13 cm. in height, should be 
gradually heated by being placed mouth downwards on the top of 
an ordinary fire, if there is no wind-furnace at hand. When it is 
thoroughly warmed, it may be turned up and suiTounded with hot 
coals. When it becomes red-hot, the mixture should be thrown 
into it, little by little, with an iron spoon, the fire being urged by 
a pair of bellows, so as to keep the crucible at a full red heat. The 
mixture will at first effervesce considerably, and should be stirred 
with an iron rod to prevent its frothing over, bqt it will finally, 
when a bright yellow h^sat is attained, fuse into a clear fluid, under 
which the silver will collect in a button. When this takes place, 
the crucible inQst be kept at the highest possible temperature for 
about five minutes longer, the contents being occasionally stirred 
to hasten the aggregation of the small particles of reduced silver 
disseminated through the mass. Finally, the crucible should be 
lifted from the fire by a pair of tongs, and the fluid mass poured 
out on an iion plate, such as a sand-bath, placed on some sand. 
When cold the silver may be sepaiated from the flux by breaking 
off the latter with a hammer, and boiling the ingot with water to 
separate the last traces of slag. 

It is a good glan to re-rnelt the ingot of silver in a small clean 
crucible, sprinkling a little borax over it. When thoroughly melted 
the metal should be poured out as before on a piece of iron, and 
an approximate estimate of its purity may be fonned by observing 
the degree of ‘ spirting’ which t^es place as the silver solidifies, 
owing to the escape of absorbed oxygen. Unless the metal be 
very pure and especially free from copper an^ lead, this spirting 
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will hardly take place at all, and the surface of the ingot will remain 
unruffled. <• r I 

The lump of silver thus obtained may be either exchanged at 
a shop for the crystallised nitrate of silver, or it may be boiled for 
some time m a iask with hydrogen nitrate dilrted wil/h twice n,s 
volume of water, more of the acidrbeing added when the action 
^ becomes slow'. The solution should be evaporated to complete 
diyness, in order to drive off the excess of acid, tl-j-p residue should 
be redissolved in water, and the solution, after filtration, shguld be 
evaporated down and left to crystallise, the basin being covered 
with a glass plate or a sheet of paper to excirrde dust. The crystals 
should be drained in a funnel and dried on filter-paper. The 
mother liquor, on further evaporation, will yield another crop of 
crystals, and the liquid drained fiom these may either be poured 
into the ‘ silver residues ’ bottle, or reserved for purposes in which 
absolute purity is not required. 

This is decidedly the best method of reducing silver residues, 
since not only the chloride, but also the sulphide, iodide, &c., are 
reduced by fusion with sodium carbonate. If, however, the chloride 
only has to be dealt with, it may be reduced by nascent hydrogen 
in the manner described on p. 320 ; the only disadvantages being 
that it is rather difficult to wash out the last traces of zinc salt 
from, the spongy mass of silver, and also that organic impunties 
are liable to be carried down with the chloride, which form nitro- 
compounds when the metal is dissolved in hydrogen nitrate, and 
rendei the salt unfit for such delicate processes as photography. 


2. Treatment of Platinum Residues. 

These I'esidues will usually contain the metal either as perchloride 
or as ammonium- or potassium-chloroplatinate. In the first place, 
add about one-tenth of the voluinp of strong solution of ammonium 
chloride (to separate any platinum which may be present in the 
solution), and evaporate the whole to dryness. Heat the residue to 
redness in a porcelain dish or £ clean clay cruciMe, to get rid of 
any organic impurities, and to decompose the chloroplatinates. The 
resulting porous mass, to which any waste scraps of platinum foil 

r 

' If a perfectly pure salt is wanted, b; will bo- neceesary to precipitate the 
silver again as chloride from the solution in hydrogen nitrate, and to 
reduce it with pure sodium carbonate in the manner above described. 
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or wire may be^ added, Should be thoroughly wastJed with warm 
water to remove all soluble s,alts, and then boiled fol' some time 
with a mixture of three parts of strong hydrogen chlonde and one 
part of hydrogen nitrate, in a long-necked flask, having a test-tube 
•rfull of coM watef placed in the neck, to preveht loss of acid by 
evaporation. This will be belt done jn the open air, or at any rate^ 
the chlorous vapours must be led into a chimney or through a 
window, and not ali^iwed to escape into the laboratory. 

When the mixture^ has boiled for half an hour.* the soluticn 
should be poured off, fresh acids added, and the boiling repeated. 
The solutions should then be mixed, and the whole evaporated at 
a gentle heat nearly, but not quite, to dimness, a little hydrogen 
chloride being aflded at the last, to decompose any remaining 
hydrogen nitrate. The solution of crude platinum perchloride, 
obtained by jivarming the residue with water, should be filtered 
and mixed with a saturated solution of ammonium chloride, which 
should be added until no further precipitate is thrown down. 
This precipitate, of ammonium chloroplatinate, should then be 
collected in a filter, and carefully washed with water to which 
about half its volume of common methylated spirit should be 
added, in order to prevent the loss of any considerable quantity 
of the salt, since ammonium chloroplatinate is not wholly 
insoluble in water. Lastly, it should be dried *Bn the filter, and 
strongly, heated in a porcelain dish, until the whole of the salt 
IS decomposed (p. 394). The spongy platinum thus obtained should 
be dissolved in aqua regia, and evaporated down, at first over 
the lamp to a small bulk, and then on a water-bath^ to com- 
plete dryness. The highly deliquescent residue should be trans- 
ferred quickly to a well-stoppered bottle, or, better, dissolved at 
once in water for use. 

A solution of convenient strength is made by weighing the spongy 
platinum before dissolving it in the acids, multiplying the weight in 
grammes by 25, and making u^ the solution to this number of 
cubic centimetres. This will give a solution 50 c.c, of which con- 
tains 3'39 giin^ of platinum percljjoride (Pt Cl^ in 50 c.c.). 


' In default of a regjilar w.ater-bath for the above evaporations, tbe 
porcelain dish may be placed on the moqth of a beaker or saucepan inther 
smaller in diameter the Utter beiflg previously half filled with water, 
which is kept gently Soiling on a sand-bath. 


o o a 
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r. 8. IJreatment of Gold .jlesidueEr. 

These may be worked up in the same way as platinum residues, 
except that the solution in aqua regia must, aft^r evaporation, be 
mixed with excess of a strong solution of hydiogen oxalate, ancT 
^boiled for some time. The 'gold will thus be precipitated in the 
metallic state, and the yellow spongy mass obtained will readily 
dissolve in aqua regia. The solution should be_ carerully evaporated 
dn the wate?-bath, and the residue dissolved in water. For each 
gramme of gold taken, 50 c.c. of solution should be made. The 
liquid will then contain 3-03 grms. of gold perchloiide in too c.c. 
(Au Cl^ in 100 C.C.). 



565 


APPENDI.X C. 

SHORT SOU?iSES OF ANALYSIS FOR BEGINNERS. 


[The use of these is referred to on p. 220. The general rules to be 
observed in making and writing out analyses, given on pp. 4S 1-483, should 
be read over.] ^ 


, ■ I. 

Analysis 

of a solution containing a salt which may contain any one of the 
following radicles : Nitrate, Carbonate, Acetate, Tartrate, 
Oxalate. (The other radicle being potassium, sodium, ammonium, 
or hydrogen.) 

[This solution will be always referred to as ' the original solution.’] 

[ Test the action of the solution on litmus-paper. Take out 
a drop on a clean glass rod, and put it on a strip of blue litmus- 
paper. If it does not change the colour of the litmus, put another 
drop on reddened litmus-paper. 

A The liquid does not decidedly alter the colottr of either 'l)a’per. 

It is a solution of a neutral salt. Pass on to 2 (next page). 

B The iiQuid reddens blue Htmus-paper strongly (if only slightly, 

it may be considered as practically neutral). 

Then it is probably a hydrogen salt, i.e. an acid. Pass on 
to 2 (next page). 

0 The liqtiid turns redjened litmus-paper strongly blue (if only 
slightly, it ma^ be considered as»practicaUy neutral). 

Then, out of all the radicles above mentioned, a CARBONATE is 
probably present. , 

To confirm this inference, p^ouj about 5 c.c. of the original 
solution into a tesf-tubi, and add several drops of dilute hydrogen, 
sulphate. If a carbonate is present there will be an efferves- 
cence, owing to liberation of carbon fHoxide. ■■ 
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To make sijre that the gas is really icarbon dioxide, dip ^the 
lower end of.a pipetip into lime water (c4'cium hydrate], withdraw 
it with a single drop of the solution remaining in the contracted 
portion, and lower it into the test-tube containing the gas, but not 
so far as to reach the solution ; then suck a vei'y httle nf the gas> 
thiough the tube. If the ]ime-waterffecr)//zrr cloudy (seen by hold- 
dng it up to the light) the gas is certainly carbon dioxide, and the 
solution certainly contains a CARBONATE. * <> 

2 Test for a » Put 4 or 5 c.c. of water into^ test-tube, add'about 

nitrate, half as much strong pure hydrogen sulphate, and 
one dtop of indigo sulphate, and heat the mixtui'e to boiling (the 
blue colour of the liquid should remain unaltered, see note^). 
Add to this a few drops of the original solution and boil again. 
Observe if there is any change of colour. 

A The blue colour of ihc indigo remains unaltered. If so, no 
nitrate is present. Pass on to 8. 

B The blue colour of the indigo disajifiears . 

Then the salt is a nitrate. 

To confiim this inference, put about 3 or 3 c.c. of the original 
solution into a test-tube, add an equal volume of strong hydrogen 
sulphate, and cool the mixture by holding it in a stieam of water. 
When cold, hold the tube slanting, and pour gently down the side 
(from a pipette) ?ome solution of iron protosulphate, so that it 
may float upon the liquid in the tube : then'iet the tube remain in 
the stand undisturbed, for 2 or 3 minutes. If a hewn layer is 
formed where ike two liquids meet, the solution certainly contains 
a nitrate. 

3 Test for a Put about 6 or 8 drops of the original solution into 

tartrate, a test-tube, add about 5 c.c. of water, and 'enough 

solution of sodium earhonate to make the liquid alkaline to test- 
paper ; then add 2 or 3 drops of solution of silver nitrate (which 
will produce a white precipitate),' and boil the mixture, adding 
more silver nitrate if the precipitate re-dissolves. Observe whether 
the precipitate changes colour. ^ , 

A It is imaltered or only turns light Irown . If so, no tartrate is 

B present. Pass on to 4 . 

It turns dee-h black. 

— *• f 

Mf the blue colour disappears, the hydrogen sulphate probably contains 
a trace of nitrate. In such a cascj add another drop or more of indigo 
sulphate, until the liquid remainjsrblue even on being boiled. 
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Then the solni^ion contj^^ins a tartrate. 1 

To confirm this, pour '^Jome of the original ¥olution'’into a test- 
tube, add an equal volume of alcohol and then one drop (not more) 
of solution of potassium hydrate ; stir the mixture with a glass 
I'od, and 'hhake It briskly. If a crystalline frecipitate forms., 
especially along the lines \vhe?e the glfiss rod touched the sides of 
the tube, a tartrate is certainly present. 

4 Test for an 'Put little of the original solution into a test-tube, 

oxalate, add enough solution of ammonium hydaata to makh 
it alkaline (or until the liquid smells slightly of it), and then 2 or 
3 c.c. of solution of oaloium sulphate. 

Jk No jtrecipitaU is formed. If so, no oxalate is present. Pass on 
to 6. 

B A •white ■preci-pitate is formed, which does not dissolve when some 
hydrogen acetate is added. 

Then the solution contains an oxalate. 

To confirm this inference, put a little manganese dioxide into 
a test-tube, add about i c.c. of strong hydrogen sulphate, and 
then 2 or 3 drops of the original solution. If an effervescence 
occurs (best heard by holding the open end of the tube close to the 
ear), and if the gas given off is proved to be carbon dioxide by its 
rendering cloudy a drop of hme-water in the §nd of a pipette 
held within the tube (see p. 195 for details of the test), the presence 
of an oxalate is certain. 

5 Test for an If no other radicle has been found there is reason 

acetate, to conclude that the solution contains an ACETATE. 

To obtain positive evidence of this, add to some of the original 
solution (neutralised, if acid, by boiling with a little powdered chalk, 
and filtSred) one drop (not more), taken up on a glass lod, of 
solution of iron perohloride. If the liquid turns 7-ed and when 
heated to boiling gradually deposits a reddish precipitate, the 
presence of an acetate is confirmed. 
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Analysis 

of a substance which may contain any one of the following 
radicles :~CARBQJfATE, OXALATE, TARTRATE, , FLU01},IDE, CY-, 
ANiDE, Chloride, Hromide, I odii^. Acetate, Nitrate, Chlo- 
jtiVTE (the other radicle beiAg potassium, sodium, ammonium, or 
hydrogen). e 

, ^ A. The sribstance is a Solid. 

1 Examine and note down its appearance, e, g. colour, shape, 
crystalline fonn (if any). 

Powder some of it (if not already powdered) in a glass mortar, 
and put about as much as will lie on the broaiJ end of a spatula 
into a test-tube ; add about 20 c c, of water, and warm it, occa- 
sionally shaking it, until the whole has dissolved f proceeding, 
meanwhile, with the experiments given in 2. When the solution 
is complete examine it as directed in 3. 

Effeot of heat on the substance. 

2 Put a little of the solid substance into an ignition-tube (about 
enough to half fill the bulb), and heat it in the flame of a Bunsen’s 
burner: at first gently, absorbing with a twisted slip of blotting- 
paper any water Bvhich may condense in the tube ; afterwards to 
full redness. Observe which of the following eflects takes place. 

A The substance remains unalteeed, or simply fuses ;withoui giving 

Then it is probably a carbonate. Fluoride, cyanide, chlo- 
ride, BROMinE, or IODIDE. Examine the solution as directed in 3. 

B The snbstmice fuses without blackening, and gives off a grOs. 

Drop in a small splinter of charcoal (from the charred end of 
a match), add a little more of the substance and again heat. If i/ie 
charrOid bur7is brightly, the gas ft oxygen, and the substance is 
a CHLORATE or a NITRATE. Examine the solution as directed in 7. 
The suhi tivtce becomes charred, i.e. turns blacK’^mid give.'! off 


vapours which have a strong sntell like burnt paper. 

Then it is either an ACETATE, a TARTRjyTE, or an oxalate. 
Examine the solution as directed in 3 and 8. 

D The sHbsta?}ce volatilises entirely. , r t 

Then it is either hydrogen oxalate or an ammonium salt. 
Examine the solutiorf as directed m 3. 
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B. The] mhsiance is a Li^quid. > 


[The same coarse is to be followed with a solntion of a solid substance 
obtained in paragraph 1.] 

Action on Sec whether .pt has any colour or smell (a cyanide 
litmus-paper, would smell like essence of almonds). Then take ou> 


a drop on a clean ■jlass rod, and place it on a bit of blue litmus- 
papey. If it does not change the colour of the litmus, put another 
drop on reddened litlnua-paper. 

A The liquid does not alter {or only alters slightly) either Utmus- 


' Then it contaiTis a neutral salt. Pass on to 5 . 

B The substance reddens bhu Htmus-f)a-f)er strongly. 

Then it is'probably a hydrogen salt, i.e. an acid. Pass on to 6. 
C The liquid turns reddened liimus-pa-per strongly blue. 

Then it is probably a CARBONATE or a cyanide. Pass on to the 
next paragraph ( 4 ). 


Test for a carbonate. 

4 Pour about 5 c.c. of the solution into a test-tube and add several 
drops of dilute hydrogen sulphate. 

^ There is little or no effervescence . If so, the substance cannot 
be a carbonate. Pass on to 6, in which a cyanide will be tested 
for. ’ 

B A stro ne^ effervescence occurs. 

Then the substance most probably is a carbonate. 

This inference is confirmed if the gas evolved is pioved to be 
carbon*dioxide. 

To make sure of this, dip the lower end of a pipette into lime- 
water ; withdiaw it so as to retain a single drop of the liquid in 
the contracted portion ; introd'Sce it into the test-tube in which the 
gas is being evolved, and gently suck a very little of the gas 
through the c^rop of lime-water.^ If the lime-water becomes cloudy 
(best judged of by holding the pipette up to the light) the presence 
of a carbonate is confirmed. 

Tests for a bromide, iodiJte, chloride, or cyanide. 

c 3 or 4 drops of the original solution into a test-tube, add 

4 or S c.c. of water and about haff as mu’ch dilute hydrogen 
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nitrate ; then ladd two drops of solution pf silver nitrate. Ob- 
serve whether any precipitate is formed ownot. 

A IVfi pyeci-piiaie is formed. If so, neither a bromide, iodide, chlo- 
ride, nor cyanide can be present. Pass on to 7 . 

B A white or hghf ‘lellmo jtrecijiitate is farmed, *’ 

Then the substance is a> brom&e, iodide, chloride, oT 
CYANIDE. 

To find out which of them is present, procectf as fellows 

6 treats for an Jbdrde Add to a portion of thb original solution two 
and bromida. or three drops of solution of chlorine. 

A T he liq u id turns yellow. 

A BROMIDE or IODIDE is present. r 

Pour off one half of the yellow liquid into another tube, and add 
some freshly made solution of starch. 

(o) The solution turns deep blue. An lODinr. is present (no confirmatory 
test is needed). 

(/ 3 ) The solution remains unaltered A bromide is present. Confiim 
this by adding to the rest of the yellow liquid (containing chlorine) 
about I c.c. of carbon disulphide, and shaking it up. If the 
globule of caiboii disulphide which settles to the bottom is orange- 
Lolourtd, the presence of a bromide is certain. 

B The liquid does not turn yellow, even on addition of a Utile more 
chlorine. r- 

The substance present must be a chloride or a cyanide. 

Tests for a distinguish between them, put a Jittle manga- 

ohlorrde aud nose dioxide into a test-tube, add about 2 c.c. of 
oyamde, strong hydrogen sulphate, and then 6 or 8 drops of 
the original solution and warm gently (but do not boil the liquid). 

(«) A greenish gas is given off which has the smell of chlorine., 
and bleaches a strip of moist litmus-faper held in the tube. 

The substance is a chloride. 

ifi) No gas having the characters of chlorme is evolved. 

The substance is a cyanide. (If so, the smell of hydrogen 
cyanide may be perceptible in the tube.) r 
To confirm this, add to some of-the original solution, first 6 or 
8 drops of solution of potaeaium hydrate, and then 2 or 3 drops 
of solution of iron protosulphate, when a greenish precipitate 
will form. Shake the whole thoioughly for a few seconds, and 
pvarm it gently ; then add 2 or 3 c.c. of dilutes hydrogen chloride. 
If a deep blue precipitate remaitis undissolved., the presence of 
a cyanide is certain. ■■ 
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Toasts for'a chlorate and nitrate.^ 

7 Put 4 or 5 c.c. of water' into a test-tube, add about half as much 
strong pure hydrogen sulphate, and one drop of indigo sul- 
4phat6, an,d heaP the mixture to boiling (the blue colour of the 
indigo should remain unalterii)d, see note on p. i64j. Add to this 
a few drops of the original solution and boil again. ■> 

^ The blue colojir cf the tndigo remains unaltered. If so, neither 
a nitrate not a chlorate is present. Pass on to 8. 

B The blue colour of the indigo disa'ppears. ’ 

The salt is a chlorate or a nitrate. 

To decide which is present, put S or 6 drops of the original 
*'* solution (or a small piece of the solid substance) into a test-tube, 
and add about 3 c.c. of strong hydrogen sulphate. 

(o) The liquid turns yellow, and gives off a yellcno gas, when warmed, 
which smells like a chlorine oxide. 

The substance is a CHLORATE. 
iff) The liquid does not turn yellow. 

The substance is a NITRATE. 

Allow the liquid to become quite cold ; then, holding the tube slanting, 
pour gently down the side, fiom a pipette, some solution of iron 
protosulphate, and let the liquid stand for a few minutes. If a 
brown ring is formed between the two liquids a nitrate is present. 

> 

Teste for a tartirate, oxalate, acetate, and fluoride. 


8 Test for ft " Put about 6 or 8 drops of the oiiginal solution into 
tartrate, a test-tube, add about 5 c.c. of water and then enough 
solution of sodium carbonate to make it alkaline to test-paper ; 
then add 2 or 3 drops of solution of silver nitrate (which will 
producq a white precipitate) and boil the liquid, adding more 
silver nitrate if the precipitate re-dissolves. 

A The jirecifitate remains unaltered in colour, or only tursis light 
brown. If so, no tartrate is prfisent. Pass on to 9 . 

B The joredisitate turns deej) black on boiling. 

Then the substance is^a tartrate. 

To confirm this, mix 4 or 5 c.c. of the original solution with an 
equal volume of alcohol, add one drop (not move) of solution of 
potassium hydrate! stir the mixture with a glass rod, and shake 
it briskly. If a cgystal^ine frejCtfilate forms more or less quickly, 
especially along the lines where the glass rod touched the sides of 
the tube, a tartrate is certainly present 



572 


APPENDIX C. 


\ 

9 Test for aa • Put a little manganese dioxide into a test-tube, 
oxalate. , add atput l c.c. of strong hydrogen sulphate, and 
shake together: then add a few drops of the original solution. 
Observe whether any effervescence occurs (best recognised by 
a hissing sound wken the tube is held to the ear).' c r 

A Ao cnjolittion of ffas occurj . If scf, no oxalate is present. Pays 
t)n to 10. 

B Carbon dioxide is /riven off 'with effervescence. '■ 

• (Prove tha^ the gas is really carbon dioyde by the lime'vvater 
test, 4 B.) 

The salt is an oxalate. 

To confinn this, test a little of the original solution, made alka- 
line by addition of ammonium hydrate, with soldtion of oaloimn 
sulphate. If a white precipitate is formed, insoluble on addition 
of hydrogen acetate, an oxalate is ceitainly present, ^ 

lo" Teat for an Add to some of the original solution (neutralised, if 
acetate, acid, by boiling with a little powdered chalk or 
marble, and filtered) one drop (not more), taken up on a glass rod, 
of solution of iron perohloride, and heat the mixture to boiling. 

A No change of colmir or ■precijiitate occurs. If so, no acetate is 
present. Pass on to 11 . 

B The liquid turns red, and when boiled gives a reddish ’pred- 
pitate. 

The salt is an ACETATE. 

To confirm this, pour about 2 c.c. of the origintll solution into 
a test-tube, add about i c.c. of pure alcohol, and l c.c. of strong 
hydrogen sulphate, and warm the mixture. If vapours are given 
off ivhich have the fragrant smell of acetic ether, an acetate is 
present. , 

11 Test for a Pour a little of the original solution into a leaden 
fluoride, (.^p evaporate it to dryness. (If the original 
substance was a solid, some of this may be taken.) While the 
evaporation is going on, cover a glass pla;:e with wax (p. 265), and 
trace some letters on it with a pointed piece of wood. Pour a 
few drops ^not more) of strong hydrogen sulphate on the residue 
in the cup : place over it the glass plate with^the wax downwards, 
and warm gently for 5 minutes^, taking care not to melt the wax. 

^ If the lines are etched in the glassdhs: sutetanee is a FLUORIDE. 
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LAWS OF CHEMICAL COMBINATION. 

3 

It was only at the end of the last century that chemists, by 
accurate experiments and constant use of the balance, were enabled 
to establish certain laws which express the proportions by weight 
in which substances combine with, and act on, each other. 

They are the following, — 

1. Law of Constant Proportion. 

A particular compound always consists of the same ele- 
ments united in the same proportion. 

Thus water, whether obtained from wells, or ^the clouds, or the 
sea, or formed in the laboratoiy in the course of experiments, in- 
variably consists of tile two elements, oxygen and hydrogen, united 
in the proportion of i 6 parts by weight of oxygen to 2 parts by 
weight of hydrogen. If we endeavour to form water by combining 
oxygen and hydrogen in any otlier proportions, we find that the 
excess of one or the other remains uncombined. 

Similarly, ammonia, whether formed in nature, or obtained by 
decomposing wool, silk, coal, ammonium, chloride, &c., invariably 
contains nitrogen and hydrogen, united in the proportion of 14 
parts by weight of nitrogen to 3 of hydrogen. 

Two results follow from this law. 

1. A few really wclc-made experiments are sufficient to settle 
once for all the composition of i substance. 

If a substance is brought to a chemist, which has all the pro- 
perties of water, he"" can feel sure what its composition is without 
taking the trouble actually to aaaijse it. 

2. Any substance which is not quite constant in composition^ 
is certainly not a chemical compound, but ^ only a mixture. For 
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Example, one jeason for considering air tij) be a mixture is that'" the 
proportion qf oxygen in it is slightly variable. ' 

II. Law of Multiple Proportion. 

When one hqdy oombines with anotheif in iiv>re thaur 
one proportion, the higher prc^ortions are multiples pf 
ihe lowest. 

A good example of this law is afforded by^the<-series of com- 
ppunds of niOogen with oxygen, of which a Wt is subjoined.*- 

Compounds of Hitrogen with Oxygen. 

Composition 

Name by weight. 



Nitrogen. 

OxyRpn. 

Pent oxide 

28 

80 

Tetroxidc 

28 

C4 

Trioxldc 

28 

48 

Dioxide 

28 

32 

Monoxide 

28 

16 


If we examine what quantity of oxygen is combined with the 
same quantity of nitrogen, say 28 parts, in each of the above com- 
pounds, we find that in the compound which contains least oxygen 
it is 16 paits : in the next, 32 paits, or twice 16; in the next, 48 
parts, or three times sixteen, and so on. 

Two results follow from this law. 

I. We can predict the composition of compounds which have 
not yet been fonned. Thus, if a nitrogen oxide is ever discovered 
which contains rather more oxygen than the pentfixide (nitrogen 
28 : oxygen 80 1, we may say with certainty that it will be com- 
posed of 28 parts of nitrogen united with (80+ 16 =) g6 parts of 
oxygen. 

3. If any substance is found to contain nitrogen and oxygen not 
in the pioportion of 28 to 16 or a multiple of 16, we can say with 
certainty that it is not a chemical compound but a mixture. 

Thus air contains nitrogen and»3xygen, but the proportion of 
nitrogen to oxygen is as 28 ; 8-36, which is not a simple multiple 
of l6. This is another reason for considering air to be a mixture. 

III. Law of Reciprocal Proportion. 

If two bodies, A and B, each combine »vith a third body, 
O, they can only combine witfi each other in proportions 
'"which are measures or multiples of the proportions in 
which they each oombine with C. 
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■Ehus, nitrogen and hjgJrogen each combine with oxygen, in the 
proportions shoyn below. ' 

' Nitiogen, "^Oxygen. 

Nitrogen Monoxide 28 : 16 

Hydrogen. 

o o “ •• 

Ijjow, nitrogen and hydrogen,-^ combine with each other in the pro- 
portion shown below. 


Ammonia 


Nitrogen. Hydiogen. 
18 ; 6 


in which we notice th^t 6 is an exact multiple of 2. * 

The following diagram may make the matter plainer. 

0.xy^en 
16 parts. 



a8 2 


Nitrogen Hydrogen 
28 2x3(=6) 

This law extends the principle of Law II to a third body. 

Thus, suppose we wish to form for the first time a combination 
of two substances which both form well-defined compounds with a 
third : then, by applying this law, we can gain a fair idea of the 
weights which must be taken of each to form thc*new compound. 

Again, if, on analysing a substance, its ingredients are found not 
to be present jn the proportions which their known combinations 
with other things would indicate, we may safely infer that the sub- 
stance is a mixture of more than one compound. 

IV. Law of Compound Proportion. 

* 

The proportion In which a compound unites with any- 
thing else the sum or a multiple of the sum of the 
proportions in which its elejpents are present in it. 

Thus, taking two compounds, ammonia and hydrogen nitrate, 
the proportions by weight in which their elements are present in 
them are the following : ’ 

Ammonia. Hydrogen nitrate. 

Hydrog-tn 3 parts Hydrogen t part 
Nitrogen 14 „ ^Nitrogen 14 „ 

■> 1 Oxygen 48 „ 

Sum = !}■ „ — 

Snm => 63 „ 
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' Now it is ipund that ammonia only uni/^es with hydrogen niflrate 
in the proportion of 17 parts of ammonia to 63 of Irydrogen nitrate. 
If any other proport?ons are taken, there fs found an excess of one 
or the other lemaining uncombined. 

The use of thi^law in practical work is obvicvis. Bjj^it we are;, 
enabled in most cases to weigh out l^eforehand the exact quantity 
pf a substance required to cofnbine with a given weight of another, 
so as to have no waste of either. 


The above laws are simply the expression of facts observed in 
experimental work ; they exist quite independently of any specula- 
tions as to their cause. But it was soon felt that there might be 
some peculiarity in the constitution of matter whfch would account 
for them alt; and the hypothesis called ‘The Atomic Theory,’ 
first put into scientific form by Dalton, an English chemist, in 1801, 
has now been almost universally accepted as a true and sufficient 
explanation of them. 

The Atomic Theory'. 

This is an account of the constitution of matter (f. e. the material 
of which things are made) which may be summarised in the 
following statements. 

1. All kinds o5-matter are made up of veiy small distinct par- 
ticles, which cannot be divided into smallerTines. These particles 
are called ‘Atoms ’ (ampor, — ‘ that which cannot be cut ’). 

2. The atoms of the same substance are all similar to one 
another and equal in weight (or, more strictly, in mass). 

3. The atoms of dilierent substances differ in properties ; for 
example, in weight, in strength of affinity, 5:c. 

4. The relative weights of these atoms are expressed" by the 
‘ smallest combining proportions ’ referred to in the Laws of 
Chemical Combination. 

Thus, the number 16, by whiclf* we always can and generally 
must express the proportion in which oxjjgen combines with other 
things, is considered to be the weight of the atoip, of oxygen as 
compared with the weight of the atom of hydrogen, which is found 
to be the lightest of all atoms. In other words, the oxygen-atom is 
regarded as 16 times as heavy as the hydrogen-atom. 

O n 

'A fuller account of this is given in the next section, to which this 
should be considered as introductory. 
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SSnilarly, the nitrogen-atom is believed to be 14 times as heavy 
as the hydrogen-h.tom, an^d so on for other elements ; each having 
its own definite minimum combining proportion, which indicates 
the weight of its atom, 

^ If It be^asked how the relative proportions bjt weight in which 
tilings act on each other, ag ascertained by our comparatively 
rough balances, can be taken to indicate the relative w'eights of' 
their single atoms, sivhich are far too small for us to weigh, the 
reply tgould be, that it is reasonable to suppose that in the large 
masses of atoms which we deal with in ordmai-y practice, each 
atom of the mass is acting and being acted on similarly to the 
rest : just as in a regiment, when marching, every individual moves 
similarly to and simultaneously with every other. We can hai'dly 
imagine, for example, when we mix a quantity of oxygen weighing 
16 grms. with a quantity of hydrogen weighing 3 gims. and make 
them combine, that some of the atoms in each are affected and not 
others. We have eveiy ground for believing that any chemical 
action between masses represents accurately the action which is 
going on between the individual atoms of the masses. 


Now, if we allow that these atoms exist, and that all chemical 
changes consist in the shifting of them, like pieces on a chess- 
board, from one position to another, or from one/gioup to another, 
all the observed facts of chemical combination summarised in the 
above Laws can readily be explained. 

I. The 1st Law would be a necessaiy consequence, because if the 
atoms of each kind of matter have definite unalterable properties, 
different from those of the atoms of other kinds, then, whenever we 
find two or more specimens of matter having absolutely the same 
properties, they must be composed of the same number of atoms of 
the same kind, united in the same way. 

II. The 3nd Law follows, because in forming compounds contain- 

ing larger proportions of a given element a'e must add a whole atom 
at a time (and not half an atom or one-and-a-half atoms, since the 
atom is not divisible). ^ 

Thus if the smallest quantity of nitrogen monoxide contains 
a single atom of oxygen weighing 16 hydrogen-atoms, we must 
add another whole atom, also weighing 16 hydrogen-atoms, to make 
the dioxide. Hencf nitrpgen dio^de will contain twice the weight of 
oxygen contained in the monoxide. Similarly nitrogen tnoxide will 
contain three times the weight, and ^ on. 

pp ’ 
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III. The 3wi Law follows, because tlfe atom is unalterable in 
weight, whatever mjy be the compound ij, exists ifi ; and therefore 
when an element unites with any other substance it must do so 
in the proportion which the weight of its atom indicates ; or in some 
multiple of that pfoportion, if more than one atoifi of it enmbines. r 

Thus if the weights of the adorns of hydrogen, nitrogen and oxygfin 
•are i, 14, and 16 respectively, all their compounds, nitrogen mon- 
oxide, water, ammonia, &c. &c., must contaiif thetn in these pro- 
portions, or multiples of these propoitions. ' ' 

IV. The 4th Law also follows from the imalterability in W'eight of 
atoms. The weight of the smallest particle of a compound which 
takes part in a chemical change is as certainly the sum of the weights 
of the atoms which compose it, as the weight of a'bag of shot is the ' 
sum of the weights of die individual shot in it. 

OHBMIOA.L SYMBOLS. 

Chemists have agreed to represent the atoms of substances by 
symbols ; the first letter of the name of the element being generally 
taken to express its atom. 

Thus, the atom of Oxygen is denoted by 0 . 

,, Hydiogea „ H. 

., Nitrogen „ N. 

„ Carbon „ C. 

f. ” 

These symbols, therefore, x-epresent definite weights of the respec- 
tive elements, vis. the weight of the smallest particle of the element 
which can take part in a chemical action. 

Thus, 

H repiesents the unit of .itomic weight, ? e. the weight of the 
hydrogen-atom, whatever that may be '. 

O represents a weight of oxygen 16 hydrogen-atoms, r 
N „ „ nitrogen = 14 „ „ 

C „ „ carbon =» is „ „ 

The smallest particle of a substi^ce which can exist by itself and 
uncoinbined is called its ‘ Molecule ’ ; and we can express the mole- 
cule of a compound by simply putting together the symbols of the 
atoms which compose it, just as \ 5 e form a word by putting letters 
together. This group of symbols is called a ‘ Formula.’ 

Thus the molecule of water contains i atom of oxygen and 2 

atoms of hydiogen, and may tfier«fore be expressed by the formula 
„ e r r 

‘ It is probably about af gramme. 
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HHO. When, hovvevei^, several similar atoms are present the 
symbol is only written 9nce, and a small nutneral i 3 put on the 
right of it and a little below, to show how many atoms are 


present. 

Thus tte usuaftormula for the molecule of waChi is HjO. 
i>When several molecules arelto be expressed, a numeral is attached ' 
to the formula on the left-hand (in the same position, in fact, as 
a coefficient in'algeSra), 


Thus the expiessidn^for ‘ three molecules of water’ js sHjO., • 
On the above princ^le the formulae of the molecules of some of 
the substances already examined should be written out from the 
following data as to their composition. 

% 

Substance. Composition. 


Foimula of 
molecule. 


Ammonia j 

1 f 

Hydrogen Nitrate ... j 
Potassium Nitrate ... j 

Ammonium Nitrate . | 

Or (to show that itt 
contains the Ammo- ( 
NIUM and Nl- j 
TRATE radicles) ... / 

Nitrogen Pentoxide ..i 
„ Tetroxide ... 

,, Trioxkle 

„ Dioxide 

„ Monoxide ... 


Hydrogen Nitrogen 
3 atoms. i atom. 
Hydrogen Nitrogen Oxygen 
I atom. I atom. 3 atoms. 
Potassium Nitiogen Oxygen 
I atom. 1 atom. 3 atoms. 
Hydrogen Nitrogen Oxygen 
4 atoms. 2 atoms. 3 atoms. 


/Hyd. Nit.\ , 
\ 4 at. I at.' ' 

'Nit. Oxy.-v 

U at. 3 at .7 

Nitrogen 
a atoms. 

Oxygen * 
6 atoms. 

a atoms. 

4 atoms. 

2 atoms. 

3 atoms. 

2 atoms. 

2 atoms. 

2 atoms. 

I atom. 


H. G. M. 


II. 

ON CHEMICAL SYMBOLS. 

The aim of these Exercises hag been to present some of the facts 
of chemistry without entering upon questions of chemical theoiy. 
But symbols having been used to express the principal chemical 
changes which form^he subject of the Exercises, and the nature 
and strength of tlje vaiious rq,a|ent solutions, a statement of the ^ 
meaning of such symbols is subjoined, together with a Table of 
Atomic Weights. • 


p p 2 
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' In the begianing of Part II is an explailation of the term ‘ sifigle 
substance.’ •A chemical change consists ^in the (Conversion of any 
quantity of one or more single substances into an equal quantity, 
by weight, of one or more different single substances. The remem- 
brance of some of 9he most important facts relating to these changes^ 
•• is facilitated by the adoption ^f the f(jjlowing hypothesis. * 

* It may be the case that a portion, a gramme for instance, of any 
single substance is an aggregate of a vast but ftiite^rumber of little 
particles, each of which has exactly the sanfe properties ss any 
other and as the whole mass. These little particles are, in almost 
all cases, themselves divisible ; but when they are divided, it is not 
into smaller portions of the same substance, but into distinct parts 
which are called atoms, as being incapable ofi'further division. 
These atoms unite into fresh groups which are the molecules of 
substances different from the oiiginal substance ; and it is in this 
way, according to the hypothesis, that a chemical change takes 
place. 

A molecule may consist of any number of atoms, from one up to 
a verj' large number. The molecules of the elements are supposed 
to consist either of single atoms or of two or more similar atoms 
united together. Differences in the properties of different sub- 
stances may be due to the differences in the nature, or number, oi 
an'angemeiit, of t^e atoms of which their molecules consist. 

The weight of a molecule is the sum of thf weights of its atoms ; 
and, since different atoms have very different weights, and different 
molecules consist of very different numbers of atohis, the weight 
of one molecule may be several hundred times as great as that of 
another. 

Chemists have agreed to represent the various atoms by letters, 
that assigned to each being generally the initial letter of the name 
of that element whose molecule is made up of such atoms. Thus 
H represents the hydrogen-atom and 0 the oxygen-atom. But as 
the names of several elements h'&ve the same initial letter, the 
requisite variety has been obtained by taking the Latin instead of 
the English name, or by using two letters? Thus K^repiesents the 
potassium-atom (Kaliiim), Co the cobalt-atom, Sb the antimony- 
atom (Stibium). The union of two or more atoms to form a 
molecule or gioup of atoms is represented by’^ilacing their symbols 
together, thus CoO represents” a "molecule, of cpbalt oxide-, which 
' consists of a cobalt-atom united to an oxygen-atom. When similar 
atoms are united, a numeral affixed to the symbol of the atom, to 
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represent its repetition so many times; thus, the mokcule of \vat(!r 
is expressed by H^O instead of H H O. , 

It will be plain that, according to the Ifypothesis stated above, the 
atoms are not actual portions of any known substance except in 
■"the case of those 'Substances whose molecules consist of single atoms, 
where, consequently, the atop is also a molecule. The smallest, 
particle, or molecule, of common salt is represented by the formula 
NaCI: its atoms Nh. and Cl can be transferred to other molecules, 
but cEsnnot be obtained as distinct substances ; we know them only 
as constituents of a rfumber of different molecules.® And in the 
same way the molecUle of hydrogen is repiesented by H,, the 
letter H representing, not a minute portion of hydiogen, but a 
constituent of l^drogen, a hydrogen-atom, a portion of matter 
weighing half as much as the smallest particle of hydrogen which 
is transferable in chemical changes fiom one molecule to another. 

The determination of the relative weights of different atoms 
depends upon (i) the accurate quantitative analysis of a number of 
single substances, (2) a decision as to the constitution of the mole- 
cules of these substances. For example, analysis shows that nine 
weights of water can be decomposed into eight weights of oxygen 
and one weight of hydrogen. Choosing the weight of the hydrogen 
atom, as being the smallest relative weight we have to do with, as 
the unit of our system, if we decide that a moj^ecule of water con- 
sists of one hydrogen-atom combined with one oxygen-atom, the 
weight of the oxygen-atom must be 8. If wc decide that a mole- 
cule of vvater'consists of one hydrogen-atom combined with two 
oxygen-atoms, we must take 4 to be the atomic weight of oxygen ; 
or if we have reason, as in fact we have, to regard the moleculepf 
water as consisting of two hydrogen-atoms and one oxygen-atom, 
we must call the weight of the oxygen-atom 16. 

The reasons which guide us in deciding what is the constitution 
of the molecule of a substance may be stated summarily under two 
heads ; (i ) that constitution istnost probably true which affbids the 
simplest account of the changes which the molecule is known to 
undergo, anc^ which besT exhibits the analogy between the substance 
in question and other substances which it resembles ; (2) that con- 
stitution is most probably true which makes the molecular weight 
of the substance bedr to the molecular weights of other substances 
the same ratio w^hich^its vapotr-Sensity bears to theirs. As this 
latter guide to the molecular constitution of substances is only 
available in the case of substances which can be volatilized without 
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?lccoinposition at a moderate heat, the weights of those atoms Save 
been most (Jefinitely fixed which enter into the nfolecules of such 
substances. * 

It has also been observed that the relative weights of the atoms 
are in most cases jiearly in inverse proportion to«the spcvtific heats# 
of the elements which they form, ^ This observation furnishgs 
gs with another criterion of tfie true atomic weight. 

The following Table of Atomic Weights hasrbeep arrived at in 
the manner indicated. 


Table of Atomic Weights. 


H represents a Hydrogen-atom weighing 


Li 

>> 

I.ithiBm-atom 

>) 

B 


Boron-atom 

}) 

C 


Carbon-atom 

>J 

N 

)r 

Nilrogen-atom 


0 


Oxygen-atom 

ff 

F' 

ft 

Fluorine-atom 

ft 

N.-x 


Sodium-atom 

If 

Mg 

>> 

Magnesium-atom 

ft 

Al 

if 

Aluminium-atom 

ft 

Si 

>) 

Silicon-atom 

ft 

P 

)> 

Phosphorus-atom 

ft 

S 


Sulphur-atom 

ff 

Cl 

jj 

Chloiine-atom 

ff 

K. 

r 

ff 

Potassium-atom 

ff 

Ca 

t) 

Calcium-atom 

ff 

Ti 

j) 

Titanium-atom 

ff 

V 

•t 

Vanndium-atom 

f) 

Cr 

If 

Chronmim-ntom 


Mn 

ft 

Manganesc-ntom 

ft 

Fe 


Iron-atom 

ff 

Co 


Cobalt-atom 


Ni 

«} 

Nickel-atom 


Cn 

ff 

Copper-atom 


Zn 

ft 

Zinc-atom 


As 

jf 

Arsenic-atom 


Se 

if 

Selenium-jtom 

t1 

Br 

ft 

Biomine-ntom 


Sr 

tt 

Strontium-atom 


Mo 

ff 

Molybdenum-atonf 

>) 

Pd 

t> 

Pnlladninf atom 

1 ) 

Ag 

tt 

Silver-atom 

ft 

Cd 

ft 

Cadmium-atom 


Sn 

If 

Tin -atom 

C 

U 

ti 

UraniFm-^tom 


Sb 

j* 

Antimony-atom 


I 

ft 

Iodine-atom 


Ba 

n 

Barium-atom 



1 

7 

II 

■sn 

il 

19 

23 

H 

27-5 

38 

.H 

32 

35’5 

39 

40 

50 

‘51.2 

52'5 

55 

56 

59 

59 

f>3'5 

75 

79 

80 
87-5 
02 

ISO'S 

108 

113 

II8 

120 

133 

127 

137 



^ CHEMICAL SYMBOLS. 583 

W represents a Tnngstcn-atom weighing 1S4 
Au ^ „ Gold-atom „ 

Pt „ ^ Platinnm-atom 157 

Hg ,, Mercury-atom „ 200 

Pi )> Thall\nra-atom ,, 204 

Pb ^ ,, Lead-atom „ 207 

’Bi ,1 Bismnth-atom „ ^ 210 


^This Table, which included all the> atoms which are not of ver^ 
rare occnri ence, enables us to calculate the weight of any mole- 
cule whose formula Js known to us, relatively to the weight of a 
hydro'gen-atom which, is assumed as the unit. Thuj, the formula 
of calcium carbonate being CaCO,„ the weight of its molecule is 
(40+ 12 -f (3 X 16) = )ioo ; that is to say, a molecule of calcium 
carbonate weighs a hundred times as much as a hydrogen-atom. 

A Table of Molecular Weights, which might be extended to all 
substances whose constitution has been determined, would have the 
following form. 

Hj represents a molecule, or 2 parts by weight, or i volume of Hydrogen. 
Nj „ 2S „ „ Nitrogen. 

Hg ,, 100 ,, „ Mercury. 

Pi II 124 „ „ Phosphorus. 

NHj ,, 17 ,, „ Ammonin. 

CjHi „ 28 ,, ,, Ethylene. 

&c. &c. 

In the equations by which chemical changes are represented, the 
sign = has not simply its algebraic sense of ‘ iquals,’ but should 
rather be read ‘ is converted into.’ That the substances formed in 
a chemical cli,ango weigh as much as the substances that went to 
form them, is a fact which renders the symbol appropriate, but is 
not all that it is understood to mean. The sign -f , connecting the 
symbols of two molecules, denotes that these molecules disappear, 
or are foimed, simultaneously; it may be expressed in reading by 
the word ‘ and.’ 

Thus the equation 

KjSOi + BaCl, = BaSO, + 2KCI 
should be read thus, ‘ a molecule of potassium sulphate and a mole- 
cule of barium chlorid? are converted into a molecule of barium 
sulphate and two molecules of potassium chloride.’ To obtain the 
relations by weight between the different substances we write down 

IC, - 78 Ba - 137 Ba - 137 K - 39 

_ S — 3a C 4 ~ 7i» • S - 32 Cl- 35.5 

0< - 64 ’ ^ ' O, - 64 , 

KjSOa - 174 BaClj - 308 BaSO* - 233 K Cl - 74-5 

% 
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Whence we see that 174 weights of potaresium sulphate and*2o8 
weights of ^arium chloride are converted into *233 weights of 
barium sulphate antf 349 weights of potassium chloride. 

Since equal volumes of all gases contain, under the same con- 
ditions, the sam^ number of molecules, equatifins representing# 
changes in which gases take part pmy be read off at once ps 
expressing changes of volume. The common volume occupied by 
an equal number of molecules of the differenttldntis of matter in 
the gaseous state should be called one volume.* , 

Tlius, 2 C® + 02 = 2C02 may be read ‘rtvo volumes of carbon 
protoxide and one volume of oxygen are convdited into two volumes 
of carbon dioxide.’ If in comparing the molecular weights and 
volumes of different substances we take a gramma* for unit instead 
of the weight of an atom of hydrogen, the common volume occupied 
by 28 grms. of carbon protoxide, 32 grms. of oxygen,^ 44 grms. of 
carbon dioxide, &c. is 22-3 litres. 

A. V. H. 
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I. 


TABLES OF MEASURES AND WEIGHTS. 


The system of measures and weights used in this 
book is that which is known as the metiic system. 

The unit of the system, is the METEE, the length 
of which is JoTouoToddl'' part of the earth’s circumfer- 
ence, as determined in 1796 by Delambre and otheis. 


1. Length. 

In deriving other measures of length from the 
metre, only the number 10 and its multiples are 
employed ; and names ate selected which denote 
the relation of the paiticular measure to the unit. 

Thus, the next larger measure is a length ten 
times that of the metre, and is called a decametre 
(Gr. Ssxa, deca^ ten). The next larger measae is a 
length 100 (that iSj’iox 10) times that of the metre, 
called a hectometre (Gr. harov, hecaton, a hundred). 
The largest measure practically used, is a length of 
1000 (that is, lo'x 10 X 10) metres, called a kilometre 
(Gr. chilia, a thousand). 

Similarly, for the smaller measures, we have a length 
of ^ of a metre, called a decimetre (Lat. decern, 
ten) ; a length of of a metre, called a centimetre 
(Lat. centtim, a hundred) ; ^nd a length of of 
a metre, called a millimetre (Lat. 7 nille, a thousand). 

Thus, the names of all the measures larger than 
the unit, alh constructed by -adding to the name of 
the unit a prefix derived from a Greek numeral ; the 
names of the mcjisures smaller than the unit, are 
obtained by adding to the name, of the unit a prefix 
derived from a numeral. 

A complete table of the measures of length, and 
their value in English measure, Ip given below, and 
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««• 116 shows the a?tual length of a decimetre, which is divided 
into centimetres and millimetres ; a scale of EpgHsh inches is 
added for coTnparison, by which it is seen'that a decimetie is very 
nearly equal to four inches. 

TABLE OF THE MEASURES OF LEtfTGTIl.f 
(The usual abbreviations an; put in brackets.) 

S-Uometre •= 1000 metres => 1093.fi yards = 0.6*14 of a mile. 

Hectometre = 100 „ = 3937-08 inches & 109-36 yards. 

^Decanielre « 10 „ = 393 71 10 ' 9.3 ,, > 

’M1STaG(ni.) • e= I metres 39-37 “= i'°9 >i 

Bedmetre ■= o-i „ 3-94 „ , 

Centimetre (cm ) = o-oi „ •= 0-39 ,, 

Millimetre (mm.) = o-ooi „ -= 0.039 ,> 

The table may also be put in the following form ; — 

10 millimetres » i centimetre. 

10 centimetres = i decimetre. 

10 decimetres = i metre, 

10 metres = 1 decametre. 

10 decametres = 1 hectometre. 

10 hectometres i kilometre. 


a. Volurae. 

The unit of volume is a cube, each of the sides of which measures 
one decimetre, in other words, it is ‘one cubic decimetre.’ It is 
called a ‘litre,’ and from it the other measures of volume are 
derived by taking yj, 1 and -nfc® of its size for the smaller ones, 
and 10 times, 100 times, and 1,000 times its sib for the larger ones, 
precisely as those of length are derived from the metre. Their 
names also are foimed on the same principle, by adding to the 
word ‘ litre ’ prefixes derived from the Latin for the smaller 
measures, and prefixes derived from the Greek for the laiger ones. 


, TABLE OF THE MEASURES OF VOLUME. *■ 


Kilolitre — 

Hectolitre => 

Decalitre = 

Litre = 

Decilitre = 100 c.c. = 

Centilitre = 10 c.c. = 

Millilitre = i c.c. •• 

(er cubic centimetre) 


tooo litres = 
too „ = 

10 r ,. = 

I “ 

o-I „ r= 
0*01 „ = 
O.OOI „ = 


azO'Oi gallons. 
23-00 „ 

2.30 „ 

1-76 pints. 
3-3 fluid oz, 
0-35 'n 
0-035 » 


It should be noted, '■ 

I. That the name ‘cubic cenfimdtre ’ is almost_,universall>a(sed 
Kistead of ‘millilitre’ (a cubic centimetie being readily demon- 
strated to be one-thousandth of^ cubic decimetre or litre). 
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2'. That quantities smaller than the litre are usualjy expressed'^^ 
cubic centimeti’es (instead of decilitres, &c.^. Thus half a litre 
would be expressed (not as 5 decilitres but) as ‘ 500 c. c. ’ ; and three- 
fourths of a litre would be expressed (not as 7 decilitres 5 centilitres 
'I but) as ‘750 c.cT 

'T 3, 'Weight. 

The unit of weight (or, more strictly, of mass) is the weight Of 
I cubic centimetre ’'of water at the temperature of 4° Centigrade 
It is Tailed a ‘ graAime,' and the other weights are^multiple| a^id’ 
subdivisions of it, derived in the same way and named on the same 
principle as above explained. 


TABh,E OF THE MEASURES OF 'WEIGHT. 


Kilogramme 

Hectogramme 

Demi gramme 

Gramme 

Decigiamme 

Centigramme 

Milligramme 


1000 grammes 
100^ „ 

to » 

I » 

O-I „ 
O-OI „ 
0.001 „ 


^.i05 lbs. (avoird.) 
3-527 oz. „ 

0- 35 oz. „ 
15-43 grains. 

1- 5+ ,< 

0-154 .. 

0.015 » 


4. Area. 

A series of measures of surface or area is sometimes used, of 
which the unit is the ‘ are,’ which is a surface i decametre square. 
The hectare is very nearly 2| acres. , 


RULES FOR RED'UOTIOII. 

’(These apply to all the tables given above.) 

I. To reduce the larger and smaller measures to the unit, 
and vice versd, (Principle. — The name of each measure 
expresses what multiple of the unit it is.) 

A. To reduce a given larger measure to the unit, or a given unit 
to one of the smaller measures. 

Multiply by the number expressed in the name of the measure. 
Examples : ’ 

Reduce 18 .^z'&UT,etres to metres. 18 k 1000= 18,000 m. 
Reduce 6 grammes to ,f^«*grammes. 6x100=600 centi- 
grammes. 

' The reason why this particular tempeiatiire is specified in defining the 
gramme is as follows .- A given mass (jf water alters in bulk ns its tempera- 
ture.<i*anges (as is^iiore^'ully explained in treatises on Heat) ; but at 4^^ C. 
it occupies the smallest space that it ever occupies while in the hqiiM 
state. Plenoe a cubic centimetre of water has more matter in it, and 
therefore weighs more, at 4° C. than alwny other temperature. 
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To reduc;^ a given smaller measure' to the unit, or a given 
unibto one of the larger measures,, " 

Divide by the number expiessed in the name of the measure. 

Examples ; 

Reduce 1885 ci*;i//inetros to metres. i885-r*'ioo=id-85 m. 

Reduce 1724 litres to ^rcriitres,. i724t-io=I 72'4 decalitres. 

M. To reduce any given measure to the next larger or the 
next smaller measure. (Principle.*-i?iW'.4 measure ts 
> , ten times the next smaller one, and ohe-tenih of th* next 
larger one.) 

A. To reduce a measure to the next larger one. 

Divide the number by 10. 

Example: Reduce 152 centigrammes to decigrammes. 

152 10 => I5’2 decigrammes. 

B. To reduce a measure to the next smaller one. . 

Multiply the number by 10. 

Example : Reduce 16-2 kilometres to hectometies. 
i 6-3 X 16 = 162 hectometres. 

It is obvious that, since our system of numeration is, like the 
metric system itself, a decimal system, i. e. is based on the number 
10, all the processes of multiplication and division required by the 
above rules are extremely simple. The actual figures have not 
to be clianged at Cll ; their value is altered simply by changing 
their place in reference to the units-figure. This is, of couise, done 
by altering the position of the decimal point ; th^ latter being 
always considered to exist, even if not actually expressed, im- 
mediately after (that is, to the right of) the units-figure. 

Similarly, decimal fractions of the measures may always be read 
off into their equivalents without altering the figures, by simply 
attending to the value of each figure as fixed by the position of 
the decimal point. Thus 

1.8S7 metre •= i metier- -8 metre + .oS metrex-oo; metre. 

= I metre, 8 decimetres, 8 centimetres, 7 millimetres. 

TABLES OF ENGLISH MEASURES. , 

1. Length. 

1 inch = 2-54 centimetres. 

13 inches = i foot ■= 30-48 ' „ 

3 feet = 1 yard '' -« 91-44 ,, 

32 yards = 1 pole = ' 5-03Tnetreb. 

4 poles = I chain =■ 20-ia 

40 poles I fnrlogg = 201-16 „ 

8 furlongs = i mile*- = 1609-3 „ 
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2. Voltiiae. 

1 cubic inch « , 16.38 cubic centimetres. 

1728 cubic inches = i cubic foot = 28.31 litres. 

61.027 „ = I litre. 

1 drachm ^ = 0-216 cubic inch .= 3.35 cubic centimetres. 

8 flrachms = i ounce = 28.4 ' ,, „ 

20 oiuices = I jiint 567.9 „ „ 

2 pints = I quart ^ =» 1*136 litres. 

4 quaits =1 gallon = 4.544 „ 

I gallon = 277.274 cubic inches ■= 70,000 grains (or lo lbs avoirtl.') of 
> distilled water at the temperature of 60° F. (15.5° C.). 

Q 

3. "Weight. 

(a) Apothecaries. 

I grain = 0-0648 gramme. 

20 grams = l scruple = 1-296 „ 

•3 scraples - I drachm =* 3-888 ,, 

8 drachms == 1 ounce = 31-104 ,, 

12 ounces = i pound = 373.248 „ 


(b) Avoirdupois. 


1 grain = 0-0648 gramme, 

27.34 grains = I drachm >= 1-773 „ 

16 drachms = i ounce = sS-SS n 

16 ounces = i pound ■ = 453-6 „ 

112 pounds = I cwt, = 50.8 IcHogtammes, 


II. 

THERMOMETRIC SCALES. 

I tie temperatures mentioned in this book are aU expressed on 
tbe Centigrade scale. 

According to this scale, thu space through which the column of 
mercury in a thermometer moves, when passing from the tem- 
perature at jivhich water freezes to the temperature at which water 
boils (under a pressure equal to that of a column of mercury 
760 mm. high), is divided into 100 equal parts or degrees, and the 
scale is extended bfelow the freezing-point and above the hoiling- 
poijitof water, in divisions of 4he'’same value. 

The point at whicJi the rnercury column stands when the the-- 
mometer is immersed in melting ice is marked 0°, and the degrees 
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this point are* distinguished by a mmus sign, thus -hi", 

"rhe point at whicJjthe mercuiy column Stands when the thermo- 
meter is inrmersed in the steam from boiling water (the barometric 
column being 760 jnm.) is marked 100°. 


' dn ^he Falirenheit scale, which is not yjit superseded ifl this 
country, the space between the freezing-poipt and the boiling- 
point of water is divided into 180 degrees, and, moreover, the 
freezing-point of water is marked 32° instead of 0°, the boiling-^int 
of water being consequently marked 212° instead ol 180°. 

The points to be borne in mind, then, in converting temperatures 
expressed on the one scale to the corresponding tempieratures on 
the other scale, are — 

I. The same space is divided on the Centigrade scale into 100 
parts, on the Fahrenheit scale into 180 parts. 

Consequently, t degree on the Centigrade scale is equal in length 
to (■}-§-8=) ^ of a degree on the Fahrenheit scale ; and i degree on 
the Fahrenheit scale is equal in length to (■!§§) ■§• of a degree on 
the Centigrade scale. 

For sindc 100° C. >= tSo” F. 

ioo»C. : lSo“F. : : i°G. . f'’F. 
and 180“ F. : 100° C. ; : r° F. : f C. 


2. The point marked 0° on the Centigrade scale is marked 33° 
on the Fahrenheit scale. 

Consequently, in order to bring the two scales to the same level, 
we must subtract 33 from the number of Fahrenheit degrees 
before converting them into Centigrade degrees ; and, in the 
reverse process, after converting the Centigrade degrees into 
Fahrenheit degrees, we must add 32^ 

If o"C. expressed the s.rnie tempeiature as 0° F., then, clearly — 
i"C. would = 1-8° F. 


fC.. 

lO^C, 

&c. 


¥ 9°F. 
= 18° F. 
&c. 


But o°C. marks a point of temperature — 31° F, He?rce all the above Nos. 
Fahr. have to be incre.ased by 3* (hfKd,^5 it were, hr the row), so tto 
r'C. =. (1.8 + 32 33.8” F. - 

5 °C. » ( 9 + 32 4i''F. • 

10° C. » (J 8 J ;32 -) £o“F. 
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Simllaily in reducing Fahr. to Cent, we must take nwa)' 32 from tile 
number of degreeji (thus practically lowering it in the scaled before applying 
the rule. Thus • . * 

59“ K. - 3a = 27° II 27° X { « I5°C. 

The rules, therefore, may be thus expressed ; — 

I. To Convert ^Fahrenheit degrees into Centrgrade degrees, 
Subtract 32 from the nunlber of degrees, and multiply the re- 
mainder by •§- (or 

3. To convert Centigrade degrees into Fahrenheit degrees, 
Multiply the numbjr of degrees by ^ (or 1-8) and«add 32.^0 tile 
product , 

In applying the rule to degrees low in the scale, the character of 
the sign + or must be carefully attended to, and considered in 
its algebraic sense. Thus, — 

23° T. — 32 = —9“ 11 —9“ X J ■= — 5“C 

-•40'^ F. - 32 = —72“ II -72° xi 40“ C. 


1 „<>F. = (»-32) rc. 

“ »°C. =(|»t- 33 )°F. 

This rule may also stand as follows ; — 

Double the number of degrees, subtract of this product, aad add 32 
to the remainder. 

Thus, 25“ C. X 2 = 50 


50-5 

45 + 32 




III. 

TABLE OF THE SOLUBILITY OF SALTS, 

/ 

This Table is intended to indicate the solubility in water and 
acids of the single salts formed by the union of the different radicles 
treated of in the foregoing pages, and has been compiled mainly 
upon the authority of Storer’s ‘ Dictionary of Solubilities.’ 

The degrees of solubility aie, however, so numerous that it is 
difficult or impossible to draw a sharp line between a soluble and 
an insoluble substance. The statements in the Table must there- 
fore be only regarded as approximations ; as relatively rather than 
absolutely true. 

It is hardly necessary to remark that in cases where a sub- 
stance is said to flissolve in an acid, the phenomenon usually 
consists in the formation, by the action of the'.rcid, of a salt soluble 
in water. 



